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/-v„ .«.p».(Vrenr r til B?lntrfl ArP»»rrlons 
This application is a continuation-in-part application of U.S. application 
Serial No. 08/927,939, filed September 1 1, 1997, the disclosure of whtch ts 
incorporated by reference herein. 

p OT l, f rmind. Iff tlH* '"ventlon 

Macrophage/monocyte recruitment plays a role in the morbidity and 
mortality of a broad spectrum of diseases, including autoimmune diseases, 
granulomatous diseases, allergic diseases, infectious diseases, osteoporosts and 
coronary artery disease. For example, in atherosclerosis early during liptd les.on 
,5 formation, circulating monocytes adhere to the activated endothelium overling the 
mcipien. plaque. Under appropriate conditions, the monocytes then migrate mto the 
developing intima. In the intima, macrophage accumulate apoprotein and excrete an 
excess of proteases relative to protease inhibitors. If the lipoproteins are oxtdrzed, 
they are toxic to macrophage, which results in macrophage dead, and an increase m 
20 an unstable, necrotic, extracelhuar lipid pool. An excess of proteases results .n loss 
of extracellular matrix and destabihzation of the fibrous plaque. P.aque instab.hty ,s 
the acute cause of myocardial infarction. 

Many molecules have been identified that are necessary for the recnutment 
of monocytes and other inflammatory cell types. These mo.ecules represent targets 
25 formeinhibWonofm^ocyterecruinnen.. One class of such mo.ecules is adheston 
molecules, e.g„ recep»rs, for monocytes. Anote class of mo.ecules includes 
Man^tory mediators, such as TNF-a and re.ated mo.ecu.es, the inter.eu.ons, e.g., 
IL-ip, and chemokines, e.g. ; monocyte chemoattractant protein-1 (MCP-1). 
As a result, agents which modulate the activity of chemokines are likely to be useful 
30 topreventandtreatawider^geofdiseases. For example, Rollins eta.. (U.S. 
Patent No. 5,459,128) generally disclose analogs ofMCP-1 that inhibit the 




monocyte chemoattractant activity of endogenous MCP-1. Analogs that are 
effective to inhibit endogenous MCP-l are disclosed as analogs which are modified 
at 28-tyrosine, 24-arginine, 3-aspartate and/or in amino acids between residues 2-8 
of MCP-1. In particular, Rollins et al. state that "[successful inhibition of the 
5 activity is found where MCP-1 is modified in one or more of the following ways: a) 
the 28-tyrosine is substituted by aspartate, b) the 24-arginine is substituted by 
phenylalanine, c) the 3-aspartate is substituted by alanine, and/or d) the 2-8 amino 
acid sequence is deleted" (col. 1, lines 49-54). The deletion of amino acids 2-8 of 
MCP-1 ("MCP-1(a2-8)") results in a polypeptide that is inactive, i.e., MCP-1(a2-8) 
10 is not a chemoattractant (col. 5, lines 22-23). The only effective MCP-1 inhibitor 
disclosed in Rollins et al. is MCP-1 (a2-8). 

Recent studies suggest that MCP-1(a2-8) exhibits a dominant negative 
effect, i.e., it forms heterodimers with wild-type MCP-1 that cannot elicit a 
biological effect (Zhang et al., OioiXhem,, 269, 15918 (1994); Zhang et al., MoL 
15 Cell. Biol.. 15, 4851 (1995)). Thus, MCP-1(a2-8) does not exhibit properties of a 
classic receptor antagonist. Moreover, MCP-1(a2-8) is unlikely to be widely useful 
for inhibition of MCP-1 activity in vivo, as MCP-1(a2-8) is a large polypeptide with 
undesirable pharmacodynamic properties. Furthermore, it is unknown whether 
MCP-1(a2-8) is active as a dominant-negative inhibitor of other chemokines 

20 associated with inflammation. 

Thus, there is a need to identify agents that inhibit or enhance chemokine- 
induced macrophage and/or monocyte recruitment and which have desirable 
pharmacodynamic properties. Moreover, there is a need to identify agents that 
inhibit or enhance chemokine-induced activities of other cell types, such as 

25 lymphocytes. Further, there is a need to identify agents that are pan-selective 
chemokine inhibitors. 



g.nnmar y nf the Invention 

The invention provides a therapeutic agent comprising an isolated and 
purified chemokine peptide, chemokine peptide variant, chemokine analog, or a 
derivative thereof. Preferably, the therapeutic agent of the invention inhibits the 
5 activity of more than one chemokine, although the agent may not inhibit the activity 
of all chemokines to the same extent. Alternatively, a preferred therapeutic agent of 
the invention specifically inhibits the activity of one chemokine to a greater extent 
than other chemokines. Yet another preferred therapeutic agent of the invention 
mimics the activity of a chemokine, e.g., it acts as an agonist. Thus, therapeutic 
10 agents that are chemokine antagonists and agonists are within the scope of the 
invention. A further preferred therapeutic agent of the invention is an agent that 
does not inhibit or mimic the activity of a chemokine but binds to or near the 
receptor for that chemokine, i.e., it is a neutral agent. 

A preferred embodiment of the invention is an isolated and purified CC 
15 chemokine peptide 3, e.g., a peptide derived from MCP-1 which corresponds to 
about residue 46 to about residue 67 of mature MCP-1 ("peptide 3[MCP-1]"), a 
variant, an analog, or a derivative thereof. It is contemplated that chemokine peptide 
3 a variant, an analog or a derivative thereof is a chemokine receptor antagonist, 
although these therapeutic agents may exert their effect by a different mechanism, 
20 e.g., by inhibiting the arachidonic acid pathway (e.g., inhibition of leukotriene, 
thromboxane, or prostaglandin synthesis or stability) or by elevating TGF-beta 
levels, or by more than one mechanism. 

A preferred peptide 3 of the invention is a compound of formula (I): 
[[(X>(X>C-(X)-(X 7 )^ > 1 c 

25 wherein* is E, Q, D, N, L, P, I or M, wherein X 3 is I, V, M, A, P, norleucine or L, 
wherein X is A, L, V, M, P, norleucine or I, wherein X 4 is K, S, R, R, Q, N or T, 
wherein Z is Q, K, E, N, R, I, V, M, A, P, norleucine or L, wherein X 7 is D or P, 
wherein X' is K, E, R, S, Q, D, T, H or N, wherein X' is V, L, M, P, A, norleucine, 
or I wherein X 6 is Q, N, K or R, wherein a is 0-6, wherein b is 0-6, and wherem c is 
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1-6, with the proviso that a and b cannot both be 0. THe letters in formulas (D-(m) 
that are not X, Y or Z represent peptidyl residues as shown in Figure 13. A more 
preferred peptide 3 of the invention is a compound of formula (I): 

[[(X^X WX)-D-P] a -[(XMZHX 5 )-W-(X')-(X 6 >] b ] e 
5 whereinXMsE,QorM,wher ei nXM S I,VorL,whereinXisA,LorI, whereinX 4 

is K, S or T, wherein Z is Q, K, E or L, wherein X 5 is K, E, R, S or T, wherein X« is 
V or I, wherein X 6 is Q or R, wherein a is 0-6, wherein b is 0-6, and wherein c is 1- 
6, with the proviso that a and b cannot both be 0. 

Yet another preferred peptide 3 of the invention is a compound of 

10 formula (H): 

[[(X 4 )-(Z)-(X 5 )] a -[W-(X')-(X 6 )] b ] c 
wherein X 4 is K, S or T, wherein Z is Q, K, E or L, wherein X 5 is K, E, R, S or T, 
wherein X' is V or I, wherein X 6 is Q or R, wherein a is 0-6, wherein b is 0-6, and 
wherein c is 1-6, with the proviso that a and b cannot both be 0. 
15 Another preferred peptide 3 of the invention is a compound of formula (II): 

[[^-(ZKX^^CWKX'^^Je 
wherein X 4 is K, S, R, R, Q, N or T, wherein Z is Q, K, E, N, R, I, V, M, A, P, 
norleucine or L, wherein X s is K, E, R, S, Q, D, T, H or N, wherein X' is V, L, M, P, 
A, norleucine, or I, wherein X 6 is Q, N, K or R, wherein a is 0-6, wherein b is 0-6, 
20 and wherein c is 1-6, with the proviso that a and b cannot both be 0. 

A more preferred peptide 3 of the invention is a compound of formula (X): 

(x^-W-D-cx^-^xzxx^w-pc'VQ-pc 7 ) 

wherein X is A, L, V or I, wherein X 2 is P, G or L, wherein X 4 is K, T, R or N, 
wherein Z is Q, K, A or L, wherein X s is K, E, R, Q or P, wherein X 1 is V, L, A, M, 
25 F or I, and wherein X 8 and X 7 are independently C or absent. 

A preferred embodiment of the invention is an isolated and purified CC 
chemokine peptide 3, e.g., a peptide derived from MCP-1 which corresponds to 
SEQ ID NO:l ("peptide 3(1-12)[MCP-1]") or SEQ ID NO:7 ("peptide 3(3- 
12)[MCP-1]"), a fragment, a variant, an analog, or a derivative thereof. As 
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described hereinbelow, peptide 3(1-12)[MCP-1](SEQ ID NO:l) and peptide 3(3- 
12)[MCP-1] (SEQ ID NO:7) are pan-chemokine inhibitors, bioavailable, and have 
desirable pharmacokinetics. Another preferred CC chemokine peptide 3 of the 
invention is peptide 3[MIPla], and more preferably peptide 3(l-12)[MIPla] which 
5 has an amino acid sequence corresponding to SEQ ID NO:42, a variant, an analog, a 
fragment or a derivative thereof. 

Further preferred embodiments of the invention are a CC chemokine peptide 
3 such as peptide 3(l-12)[MCP-4] (e.g., SEQ ID NO:65), peptide 3(1-12)[MCP- 
3](e.g., SEQ ID NO:66), peptide 3(l-12)[MCP-2] (e.g., SEQ ID NO:67), peptide 
10 3(l-12)[eotaxin] (e.g., SEQ ID NO:68), peptide 3(l-12)[MIPla],(e.g., SEQ ID 
NO:42), peptide 3(1-12)[MIP1P] (e.g., SEQ ID NO:43), peptide 3(1- 
12)[RANTES](e.g., SEQ ID NO:44), or a fragment thereof. 

Another preferred embodiment of the invention includes a CXC chemokine 
peptide 3, a variant, an analog or a derivative thereof. A preferred CXC peptide 3 of 
1 5 the invention is a compound of formula (HI) : 

[[(XMX 3 )-C-L-(X)^ b ] c 

wherein X 2 is E or K, wherein X 3 is I, A, R or L, wherein X is D or N, wherein X 7 is 
Q, P or L, wherein X 4 is E, K, D, A or Q, wherein Z is A, R, S or E, wherein X 5 is 
P, N or K, wherein X 8 is F, W, R, I, M, L or A, wherein X' is L, V, Y or I, wherein 
20 X 6 is K or Q, wherein a is 0-6, wherein b is 0-6, and wherein c is 1-6, with the 
proviso that a and b cannot both be 0. 

Further preferred embodiments of the invention are a CXC chemokine 
peptide 3 such as peptide 3(1-12)[IL8] (e.g., SEQ ID NO:40), peptide 3(1-12)[SDF- 
l](e.g., SEQ ID NO:38), peptide 3(l-12)[ENA-78](e.g., SEQ ID NO:41), peptide 
25 3(l-12)[GROct](e.g., SEQ ID NO:72), peptide 3(l-12)[GROP](e.g., SEQ ID 
NO:73), peptide 3(l-12)[GRO Y ](e.g., SEQ ID NO:74), or fragments thereof. 

Yet other preferred embodiments of the invention are a CX 2 C, CX 3 C or C 
chemokine peptide 3, a variant, an analog or a derivative thereof. 




Preferably, a chemokine peptide 3, its variants, analogs or derivatives 
inhibits the arachidonic acid pathway, e.g., inhibits the synthesis or stability, or 
binding, of thromboxane, prostaglandin, leukotriene, or any combination thereof. 

Other compounds of the invention include compounds of formula (Vm): 

5 




wherein 

R is (C,-C 6 )alkyl, (C,-C 6 )alkanoyl, aryl, heteroaryl, (C,-C 6 )alkoxycarbonyl, 
or benzyloxycarbonyl, wherein aryl, heteroaryl, and the phenyl ring of the 
1 0 benzyloxycarbonyl can optionally be substituted with one or more (e.g. 1 , 2, 3 , or 4), 
halo, hydroxy, cyano nitro, trifluoromethyl, trifluoromethoxy, (C,-C 6 )alkyl, (C r 
C 6 )alkoxy, (C,-C 6 )alkanoyl, (C 2 -C 6 )alkanoyloxy or (Q-Qalkoxycarbonyl; 

R' is (C,-C 6 )alkoxy, aryloxy, orNR^, wherein R, and Rb are each 
independently hydrogen, (C,-C 6 )alkyl, aryl, benzyl, or phenethyl; or R,, and R„ 
1 5 together with the nitrogen to which they are attached are a 5-6 membered 
heterocyclic ring (e.g. pyrrolidino, piperidino, or morpholino); and 

each R" is independently hydrogen, (C,-C 6 )alkyl, phenyl, benzyl, or 
phenethyl; 

or a pharmaceutical^ acceptable salt thereof. Preferably, R is 
20 benzyloxycarbonyl and R' is dimethylamino or diethylamino, or R is 
benzyloxycarbonyl; and R' is benzyloxy. 

Other compounds of the invention include compounds of formula (DC): 
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wherein 

R is (C,-C 6 )alkyl, (C r C 6 )alkanoyl, aryl, heteroaryl, (C.-Qalkoxycarbonyl, 
or benzyloxycarbonyl, wherein aryl, heteroaryl, and the phenyl ring of the 
benzyloxycarbonyl can optionally be substituted with one or more (e.g. 1, 2, 3, or 4), 
5 halo, hydroxy, cyano nitro, trifluoromethyl, trifluoromethoxy, (C,-C 6 )alkyl, (C,- 
C 6 )alkoxy, (C,-C 6 )alkanoyl, (C 2 -C 6 )alkanoyloxy or (C,-C 6 )alkoxycarbonyl; 

R' is (C r Q)alkoxy, aryloxy, or NRA, wherein R, and R,, are each 
independently hydrogen, (C r C 6 )alkyl, aryl, benzyl, or phenethyl; or R,, and 
together with the nitrogen to which they are attached are a 5-6 membered 
1 0 heterocyclic ring (e.g. pyrrolidino, piperidino, or morpholino); and 

each R" is independently hydrogen, (C,-C 6 )alkyl, phenyl, benzyl, or 
phenethyl; 

or a pharmaceutical^ acceptable salt thereof. Preferably, R is 
benzyloxycarbonyl and R' is dimethylamino or diethylamino, or R is 

1 5 benzyloxycarbonyl; and R* is benzyloxy. 

Another preferred embodiment of the invention includes a chemokine 
peptide 3 that is at least a tripeptide, a variant thereof or a derivative thereof. A 
preferred embodiment of the invention is the MCP-1 tripeptide KQK (i.e., peptide 
3(9-12)[MCP-l], which specifically inhibits MCP-1, but not MTPla, IL8 and 

20 SDFlcc, chemokine-induced activity. Other preferred embodiments of the invention 
include isolated and purified chemokine tripeptides that specifically inhibit IL8, 
MlPla, SDF1, murine MCP-1, MCP-2, MCP-3, and MIPip, e.g., KEN, SEE, KLK, 
KKE, KER, TQK, and SES, respectively. A further preferred embodiment of the 



7 



Ay 



one chemokine, e.g., wvg or wiv- 
5 .nine acid seance KXK, wherein X is an ammo <»" f * e 

activation of TGF-betal. It is p ^ ^ ^ ^ ^ 

10 sequence KXK is less than about 15, preferably . 
8 amino acid residues in length. Preferably, - 
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further emboaimem i» " wherein the 

rx^-fYHKHX^K-CX 3 ) 

pnuFKI NO Y, or I; wherein Y is absent 

oris anami»oacid ta .isno.RorK,an d «h«e.nX 

am ,„o acid residues or absent Preferably, X? - ' *< ' ° 

To identify a peptide of the inventton useful m Are me«ho 
a se,uence eonrparison of clones front different species ■ performed. Tta 
asequenc f ,v, pm nkine for the human receptor is assessed. 

A preferred chemofcne ,s one from a spec, ^ ^ 

the human receptor. Regions which have a nigri aegr h 

i Xareemployedmprepareapepndeofmeinvention. Porexamp^ 
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Peptide, .dentineo by this method include LYIDFRC^DLGWKW ("T.-, SEQ ID 

HEPKGYHANFC fffi SEQ ID NO:^; VYY^RK 0^. ^ 1,3 
N oW°WvEQLSNMVVKSCC-T4" ; SEQIDNO:«»).'Bio.inyla tt dTl 

b„und\o the TGF-beta receptor of THM cells with an ED„ of 18 uM and is a 
5 reC ep.orneu tt aUgen.( i .e.,nei«herago„U.noranU g on i s,). Biotiny>ate<m bound 
„ ft. TGF-beta receptor of THM cells with an E Ds0 of 30 uM and is a weak 

receptor antagonist. 

Another preferred embodiment of the invention is an isolated and punfied 
CC chemokine peptide 2, such as a peptide corresponding to SEQ ID NO-.3 
,0 ("peptide 2(l-15)[MCP-in, SEQ ID NO:5 ("peptide 2(l-14)[MIPl a r). a 
fragment variant,*, analog, or a derivative thereof. Itis contemplated that 
chemokine peptide 2, a variant, an analog or a derivative thereof is a chemokme 
receptor agonist, although these therapeutic agents may exert their effect by a 
different mechanism, or by more man one mechanism. I. is also envisioned that 
15 chemo kta epeptide2,avarian,ana ra .ogoraderivativethereofisachemokme 

receptor antagonist. Preferably, a variant, an anatog or a derivative of pep.,de 2 has 
reduced Dufiy antigen binding, and also preferably, enhanced receptor bmdmg 
properties, relative to the corresponding peptide 2 having a native or w,ld-<ype 
amino acid sequence. 

20 Other preferred CC chemokine peptides 2 include peptide 2(1-14)[MIP1P] 

(e g SEQ ID Mm. ^ 2(l-15) t RANTES] (e.g„ SEQ ID NO:61), peptide 

2(l-.5)[MCP-2] (e.g., SEQ ID NO:62), peptide 2(l-15)[MCP-3](e.g., SEQ ID 

NO:63), peptide 2(l-.5)[MCP-4] (e. g ., SEQ ID NO:64), peptide 2(M5X««»1 

(e g SEQ ID NO:75), or a fragment thereof. 
25 ' '' AnomerpreferredembodimentoftheinventionincludesaCXCchemokine 

peptide 2, a variant, an analog or a derivative thereof. Preferred CC C ' iem °' C '"^ 
peptide 2 includes peptide 20-UWIfl («. SEQ ID NO:6), peptide 2(,..5)[SDF, 
(e g SEQ ID N 0: 4), peptide 2(1-15)[ENA78] (e.g„ SEQ >D NO:59), peptide 2(1- 
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15)[GR0a] (eg., SEQ ID NO:69), peptide 2(l-15)[GROP](e.g., SEQ ID NO:70), 
peptide 2(l-15)[GRO Y ] (e.g., SEQ ID N0:71), or a fragment thereof. 

Yet another preferred embodiment of the invention is a CX 2 C, CX 3 C or C 
chemokine peptide 2, a variant, an analog or a derivative thereof. 
5 Other preferred peptide 2s include TSSKC (peptide 2(1 jJTMIP-1]; SEQ ID 

NO*); DYFETSSQC (peptide 2(l-9)ftfflPla]; SEQ ID NO:*); CSKPGV 
(peptide 2(9-14)[MIPla]; SEQ ID NO:$); HLKILNTPNCALQIV (peptide 2(1- 
5 )[Mr p.i a]; SEQ ID NO:**); SYRRTTSSK (peptide 2(1-5)[MCP-1]; SEQ ID 
mM CPKEAV (peptide 2O0-15)[MCP-l]; SEQ ID NO.Stf); SYRRI (peptide 
10 2(l-sWcP-l]; SEQ ID NO*; and CSYRRTTSSKSPKEAVC (SEQ ID 
NO:*3?, as well as a peptide having D isomers of the sequence 
VGPKSCQSSTEFYD (corresponding to residues 1-14 of peptide 2(l-14)[MIPla], 
lowercase letters are used herein to indicate D isomers as well as the letter «D" in 
CRD and LRD); a peptide corresponding to vaekpeksstirry; and a variant peptide 2 
15 ofvgpkscqsstefyd (LRD peptide 2(1 -14)[MH> la] which includes a D isomer of 
serine at position 10, and the D isomer of cysteine at the amino and carboxy termini 
of the peptide (designated LRD-Cys 0 Ser 10 Cys 16 peptide 2(1-15)[MCP-1], where L = 
linear, F = forward, D = D isomer). 

A more preferred peptide 2 of the invention is a compound of formula (XII): 

20 C -(X)-Y-(X*MXMZ^ 

wherein X is S or D, wherein X 2 is R, K, F or Y, wherein X 4 is R, E or F, wherein Z 
is T or a peptide bond, wherein X 5 is S or N, wherein X 6 is S or I, wherein X 1 is K, 
R, Q or L, wherein X 8 is P or S, wherein X 7 is K, R or Q, wherein X 9 is E or P, and 

wherein X 10 is A or G. 
25 Also provided is an isolated and purified chemokine peptide variant, or a 

derivative thereof. A chemokine peptide variant has at least about 50%, preferably 
at least about 80%, and more preferably at least about 90% but less than 100%, 
contiguous amino acid sequence homology or identity to the amino acid sequence of 
the corresponding native chemokine, e.g., Ser 7 peptide 3(1-12)[MCP1] (SEQ ID 
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N0:1 1) has less than 100% contiguous homology to the corresponding amino acid 
sequence of MCP-1, i.e., a peptide having SEQ ID NO:l. A preferred peptide 3 
variant is Leslie, .peptide 3(3-12)^-1]^^^ X£> NO : 2J1) 

The invention also provides derivatives of chemokine peptides and peptide 
5 variants. A preferred derivative is a cyclic reverse sequence D isomer (CRD) 
derivative of a chemokine peptide, a variant or an analog thereof of the invention. 
For example, LRD derivatives of peptide 2, CRD-Cys 0 Ser 10 Cys 16 peptide 2[MCP-1] 
and CRD-Cys 13 Leu 4 Ile 11 peptide 3(3-12)[MCP-l] are aompounds of the invention 
that are particularly useful in the practice of the methods of the invention, as 
10 described hereinbelow. 

Also provided are certain analogs of chemokines. In particular, analogs of 
chemokine peptide 2, chemokine peptide 3, or variants thereof are contemplated. A 
preferred analog of chemokine peptide 3 is an analog of WIQ. Thus, a preferred 
chemokine analog of the invention includes a compound of formula (IV): 
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(IV) 



wherein R 1 is aryl, heteroaryl, aryl(C,-C 3 )alkyl, heteroaryl(C r C3)alkyl, 
coumaryl, coumaryl(C r C 3 )alkyl, chromanyl or chromanyKQ-Qalkyl; wherein any 
aryl or heteroaryl group, or the benz-ring of any coumaryl or chromanyl group may 
20 optionally be substituted with one, two or three substituents selected from the group 
consisting of halo, nitro, cyano, hydroxy, (C,-C 6 )alkyl, (C,-C 6 )alkoxy, 
(C r C 6 )alkanoyl, (C 2 -C 6 )alkanoyloxy, -C(=0)(C 1 -C 6 )alkoxy, C(=0)NR*R h , NR'R; 

wherein R 2 is (C,-C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 - 
C 6 )cycloalkyl(C r C 6 )alkyl, (C,-C 10 )alkoxy, (C 3 -C 6 )cycloalkyl(C r C 6 )alkoxy or 

25 N(R a )(R b ); 
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wherein R 3 is (C,-C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 - 
QcycloalkyKC-C^alkyl, (C r C 10 )alkoxy, (C3-C 6 )cycloalkyl(C,-C 6 )alkoxy or 

N(R e )(R d ); 

wherein Y is oxo or thioxo; 
5 wherein Z is (C,-C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 -C 6 ) C ycloalkyl(C,-C 6 )alkyl, 

(C r C 10 )alkoxy, (C 3 -C 6 )cycloalkyl(C r C 6 )alkoxy or N(R e )(R f ); and 

wherein R a -R j are each independently hydrogen, (C,-C, 0 )alkyl, 
(C r C 10 )alkanoyl, phenyl, benzyl, or phenethyl; or R a and R b , R< and R d , R e and R f , R* 
and R h , or R ! and R j together with the nitrogen to which they are attached form a ring 
10 selected from pyrrolidine, piperidino, or morpholino; or a pharmaceutical^ 

acceptable salt thereof. 

A preferred embodiment of a compound of formula (IV) includes a 
compound of a formula (TV) wherein R 1 is aryl, heteroaryl, coumaryl, or chromanyl. 
Preferably aryl is phenyl; and heteroaryl is indolyl or pyridinyl. Another preferred 
15 embodiment of a compound of formula (IV) includes a compound of a formula (W) 
wherein R 2 is N(R a )(R b ); and R 3 is N(R c )(R d )- Yet another preferred embodiment of 
a compound of formula (IV) includes a compound of a formula (TV) wherein Z is 
(C r C 10 )alkyl. 

A further preferred compound is a compound of formula (TV) wherein R 1 is 
20 indolyl; R 2 is N(R a )(R b ); R 3 is N^XR"); Y is S; Z is hydrogen; and R a , R b , R e , and 

R d are each methyl. 

Another preferred analog of chemokine peptide 3 is an analog of KXK. 
Thus, the invention includes a compound of formula (V): 

R7 




R4*_ _ T 
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wherein 

R 4 is NRkR,; 

RMsNR.A; 

R'isNR^; 

5 R 7 is the side chain of a natural or unnatural amino acid or is 

-(CH 2 ) 2 C(=0)NR q R r ; 

R 8 is hydrogen, hydroxy, (C r C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 - 
C 6 )cycloalkyl(C,-C 6 )alkyl, (C r C 10 )alkoxy, (C 3 -C 6 )cycloalkyl(C r C 6 )alkoxy, N^R,, 
the amino terminus of an amino acid or the N-terminal residue of a peptide of 2 to 
10 about 25 amino acid residues; 

R k , R„ R„, and Rp are each independently hydrogen, (C,-C 10 )alkyl, (C 3 - 
C 6 )cycloalkyl, (C^cycloalkyKC.-C^alkyl, (C r C 10 )alkanoyl, phenyl, benzyl or 
phenethyl; 

R,,, are R, are each independently hydrogen, (C,-C 10 )alkyl, (C 3 -C 6 )cycloalkyl, 
15 (C 3 -C 6 )cycloalkyl(C r C 6 )alkyl, (C,-C 10 )alkoxy, (C r C 10 )alkanoyl, (C r 

C 10 )alkoxycarbonyl, 9-fluorenylmethoxycarbonyl, phenyl, benzyl, phenethyl, the C- 
terminal residue of an amino acid or a peptide of 2 to about 25 amino acid residues; 

R, are R, are each independently hydrogen, (C,-C, 0 )alkyl, (C 3 -C 6 )cycloalkyl, 
(C 3 -C 6 )cycloalkyl(C,-C 6 )alkyl, phenyl, benzyl or phenethyl; 
20 wherein R,, are R, are each independently hydrogen, (C r C 10 )alkyl, (C 3 - 

C 6 )cycloalkyl, (C 3 -C 6 )cycloalkyl(C r C 6 )alkyl, phenyl, benzyl or phenethyl; or a 
pharmaceutically acceptable salt thereof. 

Preferably Rk, R„ R„, and Rp are each hydrogen; R,,, are are each 
independently hydrogen, acetyl, (C r C I0 )alkyl, (C 3 -C 6 )cycloalkyl, propoxy, butoxy, 
25 ferf-butoxycarbonyl, 9-fluorenylmethoxycarbonyl or the C-terminal residue of an 
amino acid or a peptide of 2 to about 25 amino acid residues; and R„ are R, are each 
independently hydrogen, (C.-C.oMkyI, or (C 3 -C 6 )cycloalkyl. 
Preferably, R 7 is -(CH^C^NR^. 
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Preferably, R 7 is methyl, 3-guanidinopropyl, aminocarbonylmethyl, 
carboxymethyl, mercaptomethyl, (2-carboxy-2-aminoethyl)dithiomethyl, 2- 
carboxyethyl, 2-(aminocarbonyl)ethyl, hydrogen, 5-imadazoylmethyl, 4-amino-3- 
hydroxypropyl, 2-butyl, 2-methylprop-l-yl, 4-aminobutyl, 2-(methylthio)ethyl, 
5 benzyl, hydroxymethyl, 1 -hydroxyethyl, 3-indolylmethyl, 4-hydroxybenzyl, or 
isopropyl. 

More preferably, R 7 is hydrogen, benzyl, 4-hydroxybenzyl, methyl, 2- 
hydroxymethyl, or mercaptomethyl. 

A preferred compound of formula (V) includes an analog of KGK, KFK, 
10 KYK, KAK, KSK, KCK or KQK. For example, an analog of KQK includes a 
compound of formula (V): 




wherein R 4 is NR k R,; 

wherein R 5 is NR^R,,; 
15 wherein R 6 is NR 0 Rp; 

wherein R 7 is NRqR,; 

wherein R 8 is hydrogen, hydroxy, (C r C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 - 
C 6 )cycloalkyl(C r C 6 )alkyl, (C,-C 10 )alkoxy, (C 3 -C 6 )cycloalkyl(C r C 6 )alkoxy, NR S R ( , 
the amino terminus of an amino acid or the N-terminal residue of a peptide of 2 to 
20 about 25 amino acid residues; 

wherein R k , R„ R„, and Rp are each independently hydrogen, (C,-C, 0 )alkyl, 
(C 3 -C 6 )cycloalkyl, (C 3 -C 6 )cycloalkyl(C I -C 6 )alkyl, (C r C 10 )alkanoyl, phenyl, benzyl 
or phenethyl; 
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-"3" 



wherein R„, are R„ are each independently hydrogen, (C,-C 10 )alkyl, (C 
C 6 )cycloalkyl, (C 3 -C 6 )cycloalkyl(C,-C 6 )alkyl, (C r C 10 )alkoxy, (C,-C I0 )alkanoyl, (C 
C 10 )alkoxycarbonyl, 9-fluorenylmethoxycarbonyl, phenyl, benzyl, phenethyl, the C- 
terminal residue of an amino acid or a peptide of 2 to about 25 amino acid residues; 

wherein R„ are R, are each independently hydrogen, (C,-C )0 )alkyl, (C 
C 6 )cycloalkyl, (C 3 -C 6 )cycloalkyl(C,-C 6 )alkyl, phenyl, benzyl or phenethyl; 

wherein are R, are each independently hydrogen, (C,-C I0 )alkyl, (C 
C 6 )cycloalkyl, (C 3 -C 6 )cycloalkyl(C r C 6 )alkyt, phenyl, benzyl or phenethyl; or a 
pharmaceutically acceptable salt thereof. 

Preferably R k , R„ K, and Rp each hydrogen; ^ are R„ are each 
independently hydrogen, acetyl, (C,-C 10 )alkyl, (C 3 -C 6 )cycloalkyl, propoxy, butoxy, 
terf-butoxycarbonyl, 9-fluorenylmethoxycarbonyl or the C-terminal residue of an 
amino acid or a peptide of 2 to about 25 amino acid residues; and R„ are R, are each 
independently hydrogen, (C,-C I0 )alkyl, or (C 3 -C 6 )cycloalkyl. 
1 5 Another preferred analog of chemokine peptide 3 is an analog of WVQ (see 

Figure 8). Thus, the invention provides a compound of formula (VI): 




wherein 

R'SsNR'R'; 

R" is aryl, heteroaryl, aryl(C r C 3 )alkyl, heteroaryl(C 1 -C 3 )alkyl, coumaryl, 
20 coumaryl(C r C 3 )alkyl, chromanyl or chromanyl(C,-C 3 )alkyl; wherein any aryl or 
heteroaryl group, or the benz-ring of any coumaryl or chromanyl group may 
optionally be substituted with one, two or three substituents selected from the group 
consisting of halo, nitro, cyano, hydroxy, (C,-C 6 )alkyl, (C,-C 6 )alkoxy, 
(C,-C 6 )alkanoyl, (C 2 -C 6 )alkanoyloxy, -C(=0)(C r C 6 )alkoxy, C(=0)NR B R h , NR e R f ; 
25 R ,2 is(C,-C 6 )alkyl; 
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R 13 is (C r C I0 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 -C 6 )cycloalkyl(C r C 6 )alkyl, (C r 
C 10 )alkoxy, (C 3 -C 6 )cycloalkyl(C r C 6 )alkoxy, hydroxy, or N(R a )(R b ); 

R 14 is (C r C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 -C 6 )cycloalkyl(C r C 6 )alkyl, (C r 
C 10 )alkoxy, (C 3 -C 6 )cycloalkyl(C r C 6 )alkoxy or N(R c )(R d ); 
5 Y is oxo or thioxo; 

wherein R a -R j are each independently hydrogen, (C r C 10 )alkyl, 
(C r C I0 )alkanoyl, phenyl, benzyl, or phenethyl; or R a and R b , R c and R d , R e and R f , R g 
and R^or R j and R j together with the nitrogen to which they are attached form a ring 
selected from pyrrolidino, piperidino, or morpholino; or a pharmaceutically 
1 0 acceptable salt thereof. 

Preferably, R 10 is amino; R u is 2-benzimidazolyl; R 12 is (C r C 6 )alkyl; R 13 is 
hydroxy; and R 14 is amino. 

It is envisioned that the therapeutic agents of the invention include 
compounds having a chiral center that can be isolated in optically active and racemic 
15 forms. 

Further provided are isolated and purified nucleic acid molecules, e.g., DNA 
molecules, comprising a preselected nucleic acid segment which encodes at least a 
portion of a chemokine, i.e., they encode a chemokine peptide or a variant thereof as 
described herein, e.g., a chemokine 3 peptide, a variant or derivative thereof or a 

20 chemokine peptide 2, a variant or derivative thereof. For example, the invention 
provides an expression cassette comprising a preselected DNA segment which codes 
for an RNA molecule which is substantially identical (sense) to all or a portion of a 
messenger RNA ("target" mRNA), i.e., an endogenous or "native" chemokine 
mRNA. The preselected DNA segment in the expression cassette is operably linked 

25 to a promoter. As used herein, "substantially identical" in sequence means that two 
nucleic acid sequences have at least about 65%, preferably about 70%, more 
preferably about 90%, and even more preferably about 98%, contiguous nucleotide 
sequence identity to each other. Preferably, the preselected DNA segment 
hybridizes under hybridization conditions, preferably under stringent hybridization 
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conditions, to a nucleic acid molecule encoding the corresponding native 
chemokine. 

The present invention also provides isolated and purified DNA molecules 
which provide "anti-sense" mRNA transcripts of the DNA segments that encode a 
5 chemokine which, when expressed from an expression cassette in a host cell, can 
alter chemokine expression. As used herein, the term "antisense" means a sequence 
of nucleic acid which is the reverse complement of at least a portion of a RNA 
molecule that codes for a chemokine. Preferably, the antisense sequences of the 
invention are substantially complementary to a DNA segment encoding a peptide or 
1 0 peptide variant of the invention. As used herein, "substantially complementary" 
means that two nucleic acid sequences have at least about 65%, preferably about 
70%, more preferably about 90%, and even more preferably about 98%, contiguous 
nucleotide sequence complementarity to each other. A substantially complementary 
RNA molecule is one that has sufficient sequence complementarity to the mRNA 
1 5 encoding a chemokine so as to result in a reduction or inhibition of the translation of 
the mRNA. It is envisioned that the duplex formed by the antisense sequence and 
the mRNA inhibits translation of the mRNA, as well as promotes RNA degradation, 
although anti-sense sequences may exert their effect by other mechanisms, or by a 
combination of mechanisms. Preferably, the preselected antisense DNA segment 
20 hybridizes under hybridization conditions, preferably under stringent hybridization 
conditions, to a nucleic acid molecule comprising the corresponding chemokine 
gene. 

The introduction of chemokine sense or antisense nucleic acid into a cell ex 
vivo or in vivo can result in a molecular genetic-based therapy directed to controlling 
25 the expression of the chemokine. Thus, the introduced nucleic acid may be useful to 
correct or supplement the expression of the gene in patients with a chemokine- 
associated indication. For example, the administration of an expression vector 
encoding a peptide of the invention which is a chemokine receptor agonist may 
increase the chemokine signaling and thus be efficacious for diseases which are 
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characterized by decreased levels of the chemokine. Likewise, the administration of 
an expression vector comprising antisense chemokine sequences may be useful to 
prevent or treat a disorder associated with increased chemokine expression. For 
example, an expression vector containing antisense peptide 3(1-12)[MCP-1] which 
is introduced into the lungs may be efficacious to prevent or treat asthma. 

Also provided are pharmaceutical compositions, delivery systems, and kits 
comprising the therapeutic agents of the invention. 

The invention further provides methods to treat chemokine-associated 
indications. For example, the invention provides a method of preventing or 
inhibiting an indication associated with chemokine-induced activity. The method 
comprises administering to a mammal afflicted with, or at risk of, the indication an 
amount of a chemokine peptide 3, a chemokine peptide 2, a fragment thereof, a 
variant thereof, a derivative thereof, a compound of formula (VII), a compound of 
formula (VIII), a compound of formula (IX), a compound of formula (X), a 
compound of formula (XI), a compound of formula (XII), or a combination thereof, 
effective to prevent or inhibit said activity. Preferably, the peptide is not an IL-8 
peptide, a NAP-2 peptide, or a PF4 peptide. Preferably, the administration is 
effective to inhibit the activity of more than one chemokine (i.e., the peptide is a 
pan-selective inhibitor). Preferred pan-chemokine inhibitors are WVQ, WIQ, 
Leu 4 Ile n peptide 3(3-12)[MCP-l], Leu 4 Ile, .peptide 3(1-12)[MCP-1] and CRD- 
Cys 13 Leu 4 Ile„peptide 3(3-12). These agents are useful to treat indications such as 
multiple sclerosis, asthma, psoriasis, allergy, rheumatoid arthritis, organ transplant 
rejection, and autoimmune disorders. Preferred chemokine peptides useful to treat 
or inhibit these indications include peptide 2 and/or peptide 3 from MCP-1, MCP-2, 
MCP-3, MCP-4, RANTES, MIPlcc, ENA78, MIG, GROp, eotaxin, IP10, MIPp and 
SDF-1. 

The invention also provides a method of treating a mammal afflicted with, or 
at risk of, an indication associated with chemokine-induced activity, comprising: 
administering to the mammal an effective amount of a compound of formula (IV): 



18 




z x 



o 



N 




R 3 (TV) 



wherein R 1 is aryl, heteroaryl, coumaryl or chromanyl; wherein R 2 is N(R a )(R b ); 
wherein R 3 is N(R c )(R d ); wherein Y is oxo or thioxo; wherein Z is (C,-C 10 )alkyl; 
wherein R a -R d are each independently hydrogen, (C,-C 10 )alkyl, (C,-C I0 )alkanoyl, 
phenyl, benzyl or phenethyl; or wherein R a and R b , or R c and R d , together with the 
5 nitrogen to which they are attached form a pyrrolidino, piperidino or morpholino 
ring; or a pharmaceutically acceptable salt thereof. 

Further provided is a method of treating a mammal afflicted with, or at risk 
of, an indication associated with chemokine-induced activity, comprising: 
administering to the mammal an effective amount of a compound of formula (V): 



wherein R 4 is NR k R,; R 5 is NRJ^; R 6 is NR^; R 7 is the side chain of a natural or 
unnatural amino acid or is -(CH 2 ) 2 C(=0)NR ( ,R r ; R 8 is hydrogen, hydroxy, (C r 
C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C3-C 6 )cycloalkyl(C r C 6 )alkyl, (C,-C 10 )alkoxy, (C 3 - 

1 5 C 6 )cycloalkyl(C,-C 6 )alkoxy, NR s R t , the amino terminus of an amino acid or the N- 
terminal residue of a peptide of 2 to about 25 amino acid residues; Rk, R,, R,,, and Rp 
are each independently hydrogen, (C,-C, 0 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 - 
C 6 )cycloalkyl(C,-C 6 )alkyl, (C,-C I0 )alkanoyl, phenyl, benzyl or phenethyl; 
R,,, are R„ are each independently hydrogen, (C,-C I0 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 - 

20 C 6 )cycloalkyl(C,-C 6 )alkyl, (C,-C 10 )alkoxy, (C,-C 10 )alkanoyl, (C r 
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C, 0 )alkoxycarbonyl, 9-fluorenylmethoxycarbonyl, phenyl, benzyl, phenethyl, the C- 
terminal residue of an amino acid or a peptide of 2 to about 25 amino acid residues; 
R,, are R, are each independently hydrogen, (C,-C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 - 
C 6 )cycloalkyl(C,-C 6 )alkyl, phenyl, benzyl or phenethyl; wherein R, are R, are each 
5 independently hydrogen, (C,-C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 -C 6 )cycloalkyl(C r 
C 6 )alkyl, phenyl, benzyl or phenethyl; or a pharmaceutical^ acceptable salt thereof. 

Also provided is a method of treating a mammal afflicted with, or at risk of, 
an indication associated with chemokine-induced activity, comprising: 
administering to the mammal an effective amount of a compound of formula (VI): 

r.. o °y r ' 3 

Y R12 O (VI) 

10 wherein 

R ,0 is NR'R j ; 

R" is aryl, heteroaryl, aryl(C,-C 3 )alkyl, heteroaryl(C,-C 3 )alkyl, coumaryl, 
coumaryl(C,-C 3 )alkyl, chromanyl or chromanyl(C,-C 3 )alkyl; wherein any aryl or 
heteroaryl group, or the benz-ring of any coumaryl or chromanyl group may 
1 5 optionally be substituted with one, two or three substituents selected from the group 
consisting of halo, nitro, cyano, hydroxy, (C,-C 6 )alkyl, (C,-C 6 )alkoxy, 
(C r C 6 )alkanoyl, (C 2 -C 6 )alkanoyloxy, -C(0)(C r C 6 )alkoxy, C(=0)NR«R h , NR e R f ; 
R 12 is (C r C 6 )alkyl; 

R 13 is (C r C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 -C 6 )cycloalkyl(C,-C 6 )alkyl, (C,- 
20 C 10 )alkoxy, (C 3 -C 6 )cycloalkyl(C,-C 6 )alkoxy, hydroxy, or N(R a )(R b ); 

R u is (C,-C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 -C 6 )cycloalkyl(C,-C 6 )alkyl, (C,- 
C 10 )alkoxy, (C 3 -C 6 )cycloalkyl(C,-C 6 )alkoxy or N(R c )(R d ); 
Y is oxo or thioxo; 

wherein R a -R j are each independently hydrogen, (C,-C 10 )alkyl, 
25 (C,-C, 0 )alkanoyl, phenyl, benzyl, or phenethyl; or R a and R b , R c and R d , R e and R f , F 



20 




and R h - or R 1 and R j together with the nitrogen to which they are attached form a ring 
selected from pyrrolidino, piperidino, or morpholino; or a pharmaceutically 
acceptable salt thereof 

The invention further provides a method to increase, augment or enhance a 
5 chemokine-associated inflammatory response in a mammal, comprising: 

administering to the mammal an amount of a chemokine peptide 3, a chemokine 
peptide 2, a variant thereof, a derivative thereof, a compound of formula (IV), a 
compound of formula (V), a compound of formula (VI), a compound of formula 
(VTI), a compound of formula (Vm), a compound of formula (DC), a compound of 

10 formula (X), a compound of formula (XI), a compound of formula (XH), or a 
combination thereof, effective to increase, augment or enhance said response. 
Moreover, as peptide 3, its variants and derivatives may decrease Th2 responses and 
increase Thl responses, these compounds may be particularly useful to treat or 
prevent specific diseases in which a decrease in Th2 response and an increase in Thl 

15 response is indicated. It is preferred that the agent employed to increase, augment or 

enhance the chemokine-associated inflammatory response is not 

YNFTNRKISVQRLASYRRTTSSK. These therapeutic agents are useful to increase 

A 

an inflammatory response to, for example, intracellular pathogens or parasites, 
which often are associated with a poor immune response. Thus, these agents may be 

20 useful to treat or prevent tuberculosis and malaria. Therefore, the invention also 
provides a therapeutic method to prevent or treat parasitic infection. 

The invention also provides a method of preventing or inhibiting an 
indication associated with histamine release from basophils or mast cells. The 
method comprises administering to a mammal at risk of, or afflicted with, the 

25 indication an effective amount of a chemokine peptide 3, a chemokine peptide 2, a 
variant thereof, a derivative thereof, a compound of formula (IV), a compound of 
formula (V), a compound of formula (VI), a compound of formula (VH), a 
compound of formula (VIII), a compound of formula (IX), a compound of formula 
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(X), a compound of formula (XI), a compound of formula (XII), or a combination 
thereof. 

Also provided is a method of preventing or inhibiting an indication 
associated with monocyte, macrophage, neutrophil, B cell, T cell or eosinophil 
5 recruitment, or B cell or T cell activation or proliferation. The method comprises 
administering an effective amount of a chemokine peptide 3, a chemokine peptide 2, 
a variant thereof, a derivative thereof, a compound of formula (IV), a compound of 
formula (V), a compound of formula (VI), a compound of formula (VH), a 
compound of formula (Vffl), a compound of formula (IX), a compound of formula 
10 (X), a compound of formula (XI), a compound of formula (XII), or a combination 
thereof. For example, a chemokine peptide 3, a chemokine peptide 2, a variant 
thereof, or a derivative thereof may be useful to prevent or treat autoimmune or 
granulomatous indications. 

Further provided is a therapeutic method to prevent or treat vascular 
1 5 indications, comprising: administering to a mammal in need of such therapy an 

effective amount of a chemokine peptide 3, a chemokine peptide 2, a variant thereof, 
a derivative thereof, a compound of formula (IV), a compound of formula (V), a 
compound of formula (VI), a compound of formula (VII), a compound of 
formula (VET), a compound of formula (DC), a compound of formula (X), a 
20 compound of formula (XI), a compound of formula (XH), or a combination thereof, 
wherein the indication is coronary artery disease, myocardial infarction, unstable 
angina pectoris, atherosclerosis or vasculitis. Preferred chemokine peptides for this 
embodiment of the invention include chemokine peptides of MCP-1, RANTES, 
GROcc, MIPlcc, IP10, MCP-4, and MIPlp. 
25 The invention also provides a method to prevent or treat an autoimmune 

disorder. The method comprises administering to a mammal in need of said therapy 
an effective amount of a chemokine peptide 3, a chemokine peptide 2, a variant 
thereof, a derivative thereof, a compound of formula (TV), a compound of 
formula (V), a compound of formula (VI), a compound of formula (VII), a 



22 



compound of formula (VET), a compound of formula (DC), a compound of formula 
(X), a compound of formula (XI), a compound of formula (XII), or a combination 
thereof. A preferred variant of peptide 3 useful to prevent or treat autoimmune 
disorders is Leslie, .peptide 3(1-12)[MCP-1] (SEQ ID NO: 14) or peptide 3 having 
5 WVQ. A preferred chemokine peptide 3 for use in preventing or treating multiple 
sclerosis includes SEE and peptide 3(l-14)[MIPla] (SEQ ID NO:42). Other 
preferred peptides are chemokine peptides of RANTES. 

Further provided is a method to modulate the chemokine-induced activity of 
macrophage, B cells, T cells or other hematopoietic cells, e.g., neutrophils, 
1 0 eosinophils or mast cells, at a preselected physiological site. The method comprises 
administering a dosage form comprising an effective amount of a chemokine peptide 
3, a chemokine peptide 2, a variant thereof, a derivative thereof, a compound of 
formula (TV), a compound of formula (V), a compound of formula (VI), a compound 
of formula (VII), a compound of formula (VIE), a compound of formula (DC), a 
1 5 compound of formula (X), a compound of formula (XI), a compound of formula 
(XII), or a combination thereof, wherein the dosage form is linked, either covalently 
or noncovalently, to a targeting moiety. The targeting moiety binds to a cellular 
component at the preselected physiological site. 

Moreover, it is also envisioned that an agent of the invention may be a 
20 targeting moiety, as some of the agents are selective chemokine inhibitors, rather 
than pan-chemokine inhibitors. For example, an agent of the invention, e.g., peptide 
2, may be useful in the targeted delivery of an isotope or other cytotoxic molecule to 
red cells for the treatment of disorders such as erythroid leukemia, erythroid 
myelosis, polycythemia vera or other erythroid dysplasias. Similarly, an agent of the 
25 invention that specifically targets a particular cell type may be useful in diagnostics. 
Thus, these agents can be radiolabeled (Chianelli et al., Nucl, Med, Comm., 1£, 437 
(1997)), or labeled with any other detectable signal, such as those useful in 
diagnostic imaging (e.g., MRI and CAT) to image sites of inflammation in disorders 
like rheumatoid arthritis and diabetes mellitus (type I). 
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Also provided is a therapeutic method to augment an immune response. The 
method comprises administering to a mammal an immunogenic moiety and an 
amount of a chemokine peptide 2, a variant thereof, a derivative thereof, a 
compound of formula (IV), a compound of formula (V), a compound of formula 
5 (VI), a compound of formula (VII), a compound of formula (VIII), a compound of 
formula (DC), a compound of formula (X), a compound of formula (XI), a compound 
of formula (XII), or a combination thereof, wherein the amount is effective to 
augment the immune response of the mammal to the immunogenic moiety. Thus, 
the invention also provides a vaccine comprising an immunogenic moiety and an 
10 amount of a chemokine peptide 2, a variant thereof or a derivative thereof, a 
compound of formula (TV), a compound of formula (V), a compound of formula 
(VI), a compound of formula (VII), a compound of formula (VIE), a compound of 
formula (IX), a compound of formula (X), a compound of formula (XI), a compound 
of formula (XII), or a combination thereof. As used herein, an "immunogenic 
15 moiety" means an isolated or purified composition or compound (e.g., a purified 
virus preparation or a native or recombinant viral or bacterial antigen) that, when 
introduced into an animal, preferably a mammal, results in a humoral and/or cellular 
immune response by the animal to the composition or compound. Also provided are 
modified vaccines, wherein the immunogenic moiety is coupled to peptide 2, a 
20 variant or derivative thereof. Peptide 2 increases the binding of the modified 

vaccine to the red blood cell pool and blocks Duffy binding of chemokines and so 
prolongs the residency time of the vaccine in the circulation and decreases 
chemokine-induced activity, either of which result in an augmented antibody 
response. It is envisaged that the modified vaccine is delivered by the same routes 
25 as those used for unmodified immunogen (e.g., intravenous, intramuscular or 
orally). 

The invention also provides a therapeutic method to prevent or inhibit 
asthma. The method comprises administering to a mammal in need of such therapy 
an effective amount of a chemokine peptide 3, a chemokine peptide 2, a variant 



24 




thereof, a derivative thereof, a compound of formula (IV), a compound of 
formula (V), a compound of formula (VI), a compound of formula (VII), a 
compound of formula (Vm), a compound of formula (DC), a compound of formula 
(X), a compound of formula (XT), a compound of formula (XII), or a combination 

5 thereof. As described hereinbelow in Example 1 2, a peptide of the invention 
inhibited cellular inflammation and IgE responses in the lung of mice exposed to 
ovalbumin. Preferably, in this embodiment of the invention, a therapeutic agent is 
administered to the upper and/or lower respiratory tract. Preferred peptides useful in 
this embodiment of the invention are chemokine peptides of RANTES, MCP-1 and 

10 MlPla. 

Further provided is a therapeutic method to prevent or inhibit viral, e.g., 
poxvirus, herpesvirus (e.g., Herpesvirus samiri), cytomegalovirus (CMV) or 
lentivirus, infection or replication. The method comprises administering to a 
mammal in need of such therapy an effective amount of a chemokine peptide 3, a 

1 5 chemokine peptide 2, a variant thereof, a derivative thereof, a compound of formula 
(IV), or a compound of formula (V), a compound of formula (VI), a compound of 
formula (VII), a compound of formula (VIII), a compound of formula (DC), a 
compound of formula (X), a compound of formula (XI), a compound of formula 
(XII), or a combination thereof. Preferably, the therapeutic agents are employed to 

20 prevent or treat HTV. More preferably, the agent is administered before, during or 
after the administration of an anti-viral agent, e.g., for HIV AZT, a non-nucleoside 
reverse transcriptase inhibitor, a protease inhibitor or a combination thereof. It is 
also envisioned that a combination of a chemokine peptide 3, a chemokine peptide 
2, a variant thereof, a derivative thereof, a compound of formula (IV), a compound 

25 of formula (V), a compound of formula (VI), a compound of formula (VII), a 

compound of formula (Vm), a compound of formula (DC), a compound of formula 
(X), a compound of formula (XI), or a compound of formula (XII) may be useful in 
the anti-viral methods and compositions of the invention. Preferred chemokine 
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peptides useful to prevent or inhibit viral infection are those from IP 10, MlPla, 
MIPlp, SDF-1, IL-8, GROa, RANTES and MCP-1. 

A therapeutic method to prevent or treat low bone mineral density is also 
provided. The method comprises administering to a mammal in need of such 
5 therapy an effective amount of a chemokine peptide 3, a chemokine peptide 2, a 
variant thereof, a derivative thereof, a compound of formula (IV), a compound of 
formula (V), a compound of formula (VI), a compound of formula (VII), a 
compound of formula (VIE), a compound of formula (DC), a compound of formula 
(X), a compound of formula (XI), a compound of formula (XII), or a combination 
10 thereof. A preferred derivative of a variant of peptide 3 to prevent or treat low 
mineral bone density is CRD-Cys 13 Leu 4 Ile 11 peptide 3(3-12)[MCP-l]. A preferred 
fragment of SEQ ID NO: 1 useful in preventing or treating low mineral bone density 
is KQK. 

Also provided is a method of suppressing tumor growth in a vertebrate 
15 animal comprising administering to said vertebrate a therapeutically effective 
amount of a chemokine peptide 3, a chemokine peptide 2, a variant thereof, a 
derivative thereof, a compound of formula (IV), a compound of formula (V), a 
compound of formula (VI), a compound of formula (VII), a compound of 
formula (VET), a compound of formula (DC), a compound of formula (X), a 
20 compound of formula (XI), a compound of formula (XII), or a combination thereof 
Preferably, the method increases or enhances macrophage, B cell-, T cell- or other 
immune cell-associated activity at a tumor site. A preferred peptide for use in this 
embodiment of the invention is a MCP-1 peptide. 

Further provided is a method for preventing or treating rheumatoid arthritis 
25 in a mammal, comprising: administering to the mammal an effective amount of a 
chemokine peptide 3, a chemokine peptide 2, a variant thereof, a derivative thereof, 
a compound of formula (IV), a compound of formula (V), a compound of formula 
(VI), a compound of formula (VTT), a compound of formula (VEtt), a compound of 
formula (DC), a compound of formula (X), a compound of formula (XI), a compound 
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of formula (XII), or a combination thereof. For this embodiment of the invention, a 
preferred peptide is a MCP-1, MIPlcc, MIPlp, GROcc, and ENA78 peptide. 

Also provided is a method to prevent or treat organ transplant rejection. The 
method comprises administering an effective amount of a chemokine peptide 3, a 

5 chemokine peptide 2, a variant thereof, a derivative thereof, a compound of formula 
(IV), a compound of formula (V), a compound of formula (VI), a compound of 
formula (VII), a compound of formula (VIII), a compound of formula (DC), a 
compound of formula (X), a compound of formula (XI), a compound of formula 
(XII), or a combination thereof. 

10 Further provided is a method for preventing or treating psoriasis in a 

mammal, comprising: administering to the mammal an effective amount of a 
chemokine peptide 3, a chemokine peptide 2, a variant thereof, a derivative thereof, 
a compound of formula (IV), a compound of formula (V), a compound of formula 

(VI) , a compound of formula (VII), a compound of formula (VIII), a compound of 

1 5 formula (IX), a compound of formula (X), a compound of formula (XI), a compound 
of formula (XII), or a combination thereof. Preferred peptides to prevent or treat 
psoriasis are peptides of MCP-1, RANTES, MIPlcc, MIG, IP10, GROP, GROa or 
MCP-3. A preferred derivative to prevent or treat psoriasis is a CRD-derivative of 
peptide 3. 

20 Also provided is a method to enhance wound healing. The method 

comprises administering an effective amount of a chemokine peptide 3, a chemokine 
peptide 2, a variant thereof, a derivative thereof, a compound of formula (IV), a 
compound of formula (V), a compound of formula (VI), a compound of formula 

(VII) , a compound of formula (VIII), a compound of formula (EX), a compound of 
25 formula (X), a compound of formula (XI), a compound of formula (XII), or a 

combination thereof. 

Further provided is a method for preventing or treating an allergy in a 
mammal, comprising: administering to the mammal an effective amount of a 
chemokine peptide 3, a chemokine peptide 2, a variant thereof, a derivative thereof, 
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a compound of formula (IV), a compound of formula (V), a compound of formula 
(VI), a compound of formula (VII), a compound of formula (WI), a compound of 
formula (DC), a compound of formula (X), a compound of formula (XI), a compound 
of formula (XII), or a combination thereof. Preferred peptides to prevent or treat 
5 allergies include peptides of RANTES, MlPla, MCP-1, MCP-2, MCP-3, MCP-4, 
eotaxin or MIP1 p. 

Yet another embodiment of the invention is a method to prevent or inhibit an 
indication associated with elevated TNF-a. The method comprises administering an 
effective amount of a chemokine peptide 3, a chemokine peptide 2, a variant thereof, 
10 a derivative thereof, a compound of formula (TV), a compound of formula (V), a 
compound of formula (VI), a compound of formula (VII), a compound of 
formula (VET), a compound of formula (TX), a compound of formula (X), a 
compound of formula (XI), a compound of formula (XII), or a combination thereof. 
The invention also provides methods in which the nucleic acid molecules of 
15 the invention are administered to a mammal afflicted with, or at risk of, an 
indication associated with a chemokine-induced activity. 

The invention also provides methods whereby the pharmacokinetics of 
desirable pharmaceutical agents may be modulated. In particular, agents which are 
normally rapidly cleared from the circulation may be retained longer by the addition 
20 of a peptide of the invention that has affinity for the Duffy antigen on red blood 
cells. This methodology may be particularly suited to modifying the 
pharmacokinetics of other biologically active, pharmaceutical^ useful peptides, as 
well as larger polypeptide or proteins. For example, a Duffy binding peptide (such 
as peptide 2[MCP-1] may be coupled or linked, either covalently or non-covalently, 
25 to a molecule such as recombinant human growth hormone (HGH) or insulin, and 
administered via a depo injection. By partitioning the modified HGH to the red 
blood cells, HGH may have much more suitable pharmacokinetics, with longer half 
times and less rapid changes in plasma concentrations. In another example, insulin 
coupled to a peptide of the invention may be particularly useful as a treatment for 
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the highly insulin-resistant type H diabetic whose disease has progressed 
significantly. It is also envisioned that other small molecules may be coupled to 
Duffy binding molecules in a manner which preserves the intended function of the 
active molecule and of the Duffy binding molecule. For coupling to recombinant 
5 proteins and peptides, Duffy binding peptides are preferred. For coupling to small 
molecule drugs, analogs (e.g., isosteres) of Duffy binding peptides are preferred. 

n»pf FWri ption of the Figures 
Figure 1 is a schematic of the trans-well migration assay. In most 
10 experiments, the peptide (wavy line) is added to the upper well with about 50,000 
cells (O). The upper and lower wells are separated by a 5 urn or 8 urn pore size 
PVP-free membrane (- - - -). Chemokine (•) is added to the lower well. After 
4 hours, the number of cells that have migrated through the membrane are measured 
(O in lower well). 

15 Figure 2 shows a dose-response curve for the peptide 3 (SEQ ID NO:l) 

inhibition of MCP-1 -induced THP-1 cell migration. 

Figure 3 shows the reverse transcriptase activity present in the culture 
medium at day 21 after infection of Jurkat cells with a T-tropic HTV. Peptides were 
added on day 0, one hour prior to infection of the cells with HIV isolate. The full 
20 length chemokine SDF-loc was used as a positive control. 

Figure 4 shows the structure of CRD-Cys 13 leu 4 ile u peptide 3[MCP-1](3- 
12)[MCP-1], which is cyclized via disulphide bonds. The main chain a carbons are 
indicated by C D which indicates that the D form of the amino acid is present. 

Figure 5 depicts a schematic of inhibition of cell migration via binding of a 
25 therapeutic agent of the invention to a chemokine receptor. C R C = a therapeutic 
agent of the invention. Chemokine receptors are shown as blackened rectangles. 

Figure 6 depicts a schematic of the inhibition of HIV entry by an agent of the 
invention. 
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Figure 7 shows the dose-dependent inhibition of inflammation (A) and 
endotoxemia (B) in animal models by peptide 3 (CRD-Cys.LeuJle,, peptide 3(3- 
12)[MCP-1]=NR58-3.14.3). 

Figure 8 shows a preferred analog of peptide WVQ. 
5 Figure 9 shows a graph of the number of macrophage at the site of LPS 

administration in a rat in the presence or absence of a peptide of the invention. 

Figure 10 shows a graph of the number of B cells at the site of LPS 
administration inarat in the presence or absence of a peptide of the invention. 

Figure 1 1 shows a graph of the fraction of HIV infected THP-1 cells in the 
10 presence of peptide 2 or peptide 3 using a quantitative immunofluorescent (QIF) 
assay. 

Figure 12 depicts codons for various amino acids. 
Figure 13 depicts exemplary amino acid substitutions. 
Figure 14 shows exemplary therapeutic agents of the invention. 
15 Figure 15 shows the Duffy binding affinity and inhibition of THP-1 

migration for selected peptide 2 compounds. LFL = linear forward L isomer; LRD = 
line* reverse D isomer; CRD = cyclic reverse D isomer; CFL - cyclic forward L 

Figure 16 summarizes binding and ED 50 data for selected peptides of the 

20 invention. 

Figure 17 shows an exemplary protocol to test agents in a rat dermal 
inflammation mode. <CRD-Cys„Le„,Ile„ peptide 3(3-12)[MCP-l] = NR58-3..4.3). 

nailed De^Hptinn of the Invention 

25 Definitions 

"Chemokines" refers to a family of proinflammatory signaling molecules 
which act on macrophage, B cells, T cells, neutrophils, eosinophils, basophils, mast 
cells, smooth muscle cells, e.g., vascular smooth muscle cells, and the like (e.g., by 
affecting their migration, proliferation, or degranulation, or the immunomodulation 



isomer. 



30 



of T cel. development «o Thl and Th2 subtypes). Preferred chemokines are pnmate 
in origin, e.g., human, although the invention includes other mammalian 
chemokines, such as those of bovine, ovine, equine, canine, feline or rodent ong», 
as well as virally encoded chemokines. Chemokines include, but are no. hmned to, 
5 MCP-1 (SEQlDNO : 16) > MCP-2(SEQlD N 0 : 17),MCP.3(SEQrDNO:18),MIG 

(SEQ ID NO:45), MIP1« (SEQ ID NO : 19), MTPIP (SEQ ID NO:20), RANTES 
(SEQ ID NO:21), PF4 (SEQ ID NO:46), 1-309 (SEQ ID NO:47), HCC-1 (SEQ ID 
NO-48), eotaxin (SEQ ID NO:25), CIO (SEQ ID NO:49), CCR-2 (SEQ ID NO:50), 
ENA-78 (SEQ ID NO:52), GROcc (SEQ ID NO:24), GROP (SEQ ID NO:53), IL-8 
10 (SEQ ID NO:23), IP-.O (SEQ ID NO:54), SDFla (SEQ ID NO:22), SDFlf (SEQ 
,D NO 56), GRO« (SEQ ID NO:57), MIP3«, TCA-3, CTAPm, MARC/FYK, P- 
thromboglobulin, GCP-2, PBP, HC14, MDC, TECK, PARC, 6Cki»=, fractahne, 
DC-CK1, LK, TARC, LARC, MIG, CkP8, CCF18/MRP-2, CCffl, CKc.2, H1305, 
Dvic-1 MGSA, Ckp4, DGWCC, TCA4, dendrokine (see WO 97/29192), 
15 CC2/HCC1, CC3, and MIPK, as well as virally encoded chemokines such as vMIP- 
, vMIP-n and vMIP-m (see Kledal e. al., Sste 22, 1656 (1997)). "CXC" or 
"a" chemokines include, but are no. limited to, IL-8, PF4, IP10, NAP-2, GROa, 
GROP GRO Y , SDF1, MIP2, MGSA, Y IP, CTAPm, P-thromboglobulin, MIG, PBP, 
NAP-2 and ENA78. "CC" or "p" chemokines include, but are not limited to, MCP- 
20 1 MCP-2, MCP-3, MCP-4, MCP-5, RANTES, eotaxin, LARC, TARC, CIO, 
MP la, MIP1P, 1309, HCC-1, CKP8, CCF18/MRP-2, MIPlx. A third type of 
chemokines are "C" chemokines, e.g., lymphotactin. A fourth type of chemota.es 
are "C^C" chemokines such as ftactaline or neurotactin (Rollins et al., Etai, 20, 
404 (1997)) A fifth type of chemokines, CX 2 C chemokines, include CCffl. 
25 "Peptide 3" refers to a peptide derived from a chemokine, which is generally 

,ocated in toe carboxy-terminal half of the chemokine, and which inhibits the 
activity of a, least the corresponding native chemokine, as determined by methods 
well known to the art. Peptide 3 comprises no more than 30, preferably about 3 to 
about 25, more preferably about 3 to about 15, and even more preferably about 3 to 
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about 1 1, peptidyl residues which have 100% contiguous amino acid sequence 
homology or identity to the amino acid sequence of the corresponding native 
chemokine, preferably a mammal chemokine, e.g., a primate chemokine such as a 
human chemokine, or a virally-encoded chemokine. For example, a preferred 

5 peptide 3 of MCP-1 that inhibits at least the activity of MCP-1 is peptide 3(1- 
12)[MCP-1], e.g., a peptide which has an amino acid sequence corresponding to 
SEQ ID NO:l, or a fragment or derivative thereof. Another preferred embodiment 
of the invention is peptide 3(3-12)[MCP-l], e.g., a peptide having an amino acid 
sequence corresponding to SEQ ID NO:7, or a fragment or derivative thereof. 

10 Preferably, a chemokine peptide 3 of the invention does not include a peptide of IL- 
8, PF-4orNAP-2. 

An alignment of chemokine amino acid sequences, such as the alignment 
depicted in Table 1, provides a general method to identify the location of peptide 3 
sequences in chemokines. Generally, peptide 3 in non-MCP-1 chemokines 

15 corresponds to about residue 46 to about residue 67 of mature human MCP-1. 
Moreover, it is envisioned that peptide 3 may comprise moieties other than the 
amino acid sequence which inhibits chemokine activity, e.g., amino acid residues 
not present in the native chemokine (i.e., a fusion protein), nucleic acid molecules or 
targeting moieties such as antibodies or fragments thereof or biotin, so long as these 

20 moieties do not substantially reduce the biological activity of peptide 3. A 

substantial reduction in activity means a reduction in activity of greater than about 
99%. 

"Peptide 2" refers to a peptide derived from a chemokine, which is generally 
located in the ammo-terminal two-thirds of the chemokine, and which does not 
25 include the ammo-terminal about 20 to about 24 amino acid residues of the native 
mature chemokine. Generally, peptide 2 is a chemokine agonist, but peptide 2 may 
also have neither agonist or antagonist activities (i.e., it is "neutral"), or may be a 
chemokine antagonist, so long as the peptide specifically binds to at least one 
chemokine receptor. Peptide 2 comprises no more than 30, preferably about 3 to 
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about 25, more preferably about 10 to about 25, and even more preferably about 10 
to about 18, peptidyl residues which have 100% contiguous amino acid sequence 
homology or identity to the amino acid sequence of the corresponding native 
chemokine. For example, a preferred peptide 2 of MCP-1 is peptide 2(1-15)[MCP- 
5 1], for example a peptide which has an amino acid sequence corresponding to SEQ 
ID NO:3, or a fragment or derivative thereof. A more preferred peptide 2 is a 
peptide 2 comprising at least one D isomer. Preferably, a chemokine peptide 2 of 
the invention is not peptide 2[PF4], peptide 2[IL-8], peptide 2 PjAP-2] or 

ynftnrkisvqrlasyrrttss^CSG:^ xD NO' 

L0 An alignment of chemokine amino acid sequences, such as the alignment 

depicted in Table 1, provides a general method to identify the location of peptide 2 
sequences in other chemokines. Generally, peptide 2 in non-MCP-1 chemokines 
corresponds to about residue 27 to about residue 45 on mature human MCP-1. It is 
also envisioned that peptide 2 may comprise moieties other than the amino acid 
15 sequence which mimics, enhances or does not affect (i.e., neutral) chemokine 

activity, e.g., amino acid residues not present in the native chemokine, nucleic aad 
molecules or targeting moieties such as those described above for peptide 3, so long 
as these moieties do not substantially alter the biological activity of peptide 2. A 
substantial alteration in activity means an alteration of greater than about 99%. 
20 Also preferably, a peptide, variant, analog or derivative of the invention, has 

increased affinity for at least one chemokine receptor, e.g., about 1 uM to about 
1 nM, more preferably about 1 nM to about 1 pM, and also preferably has decreased 
Duffy binding, relative to a corresponding peptide having the native ("wild-type") 
sequence or relative to the corresponding native chemokine. However, certain 
25 populations have individuals who are Duffy", e.g., a certain percentage of African 
Americans are Duffy Thus, agents useful to treat these populations may have 
Duffy binding affinity that is equal to or greater than that of the corresponding 
native chemokine. 
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As used herein, the terms "isolated and/or purified" refer to in vitro 
preparation, isolation and/or purification of a therapeutic agent of the invention, so 
that it is not associated with in vivo substances. Thus, with respect to an "isolated 
nucleic acid molecule", which includes a polynucleotide of genomic, cDNA, or 
5 synthetic origin or some combination thereof, the "isolated nucleic acid molecule" 
(1) is not associated with all or a portion of a polynucleotide in which the "isolated 
nucleic acid molecule" is found in nature, (2) is operably linked to a polynucleotide 
which it is not linked to in nature, or (3) does not occur in nature as part of a larger 
sequence. An isolated nucleic acid molecule means a polymeric form of 
10 nucleotides of at least 10 bases in length, either ribonucleotides or deoxynucleotides 
or a modified form of either type of nucleotide. The term includes single and double 
stranded forms of DNA. The term "oligonucleotide" referred to herein includes 
naturally occurring, and modified nucleotides linked together by naturally occurring, 
and non-naturally occurring oligonucleotide linkages. Oligonucleotides are a 
1 5 polynucleotide subset with 200 bases or fewer in length. Preferably, 

oligonucleotides are 10 to 60 bases in length and most preferably 12, 13, 14, 15, 16, 
17, 18, 19, or 20 to 40 bases in length. Oligonucleotides are usually single stranded, 
e.g., for probes; although oligonucleotides may be double stranded, e.g., for use in 
the construction of a variant. Oligonucleotides of the invention can be either sense 
20 or antisense oligonucleotides. The term "naturally occurring nucleotides" referred to 
herein includes deoxyribonucleotides and ribonucleotides. The term "modified 
nucleotides" referred to herein includes nucleotides with modified or substituted 
sugar groups and the like. The term "oligonucleotide linkages" referred to herein 
includes oligonucleotides linkages such as phosphorothioate, phosphorodithioate, 
25 phophoroselenoate, phosphorodiselenoate, phosphoroanilothioate, 

phosphoraniladate, phosphoroamidate, and the like. An oligonucleotide can include 
a label for detection, if desired. 

The term "isolated polypeptide" means a polypeptide encoded by cDNA or 
recombinant RNA, or is synthetic origin, or some combination thereof, which 
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isolated polypeptide (1) is not associated with proteins found in nature, (2) is free of 
other proteins from the same source, e.g., free of human proteins, (3) is expressed by 
a cell from a different species, or (4) does not occur in nature. 

The term "sequence homology" means the proportion of base matches 
5 between two nucleic acid sequences or the proportion amino acid matches between 
two amino acid sequences. When sequence homology is expressed as a percentage, 
e.g., 50%, the percentage denotes the proportion of matches over the length of 
sequence from a chemokine that is compared to some other sequence. Gaps (in 
either of the two sequences) are permitted to maximize matching; gap lengths of 
10 15 bases or less are usually used, 6 bases or less are preferred with 2 bases or less 
more preferred. When using oligonucleotides as probes or treatments, the sequence 
homology between the target nucleic acid and the oligonucleotide sequence is 
generally not less than 17 target base matches out of 20 possible oligonucleotide 
base pair matches (85%); preferably not less than 9 matches out of 10 possible base 
1 5 pair matches (90%), and more preferably not less than 1 9 matches out of 20 possible 

base pair matches (95%). 

The term "selectively hybridize" means to detectably and specifically bind. 
Polynucleotides, oligonucleotides and fragments of the invention selectively 
hybridize to nucleic acid strands under hybridization and wash conditions that 

20 minimize appreciable amounts of detectable binding to nonspecific nucleic acids. 
High stringency conditions can be used to achieve selective hybridization conditions 
as known in the art and discussed herein. Generally, the nucleic acid sequence 
homology between the polynucleotides, oligonucleotides, and fragments of the 
invention and a nucleic acid sequence of interest is at least 65%, and more typically 

25 with preferably increasing homologies of at least about 70%, about 90%, about 95%, 

about 98%, and 100%. 

Two amino acid sequences are homologous if there is a partial or complete 
identity between their sequences. For example, 85% homology means that 85% of 
the amino acids are identical when the two sequences are aligned for maximum 
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matching. Gaps (in either of the two sequences being matched) are allowed in 
maximizing matching; gap lengths of 5 or less are preferred with 2 or less being 
more preferred. Alternatively and preferably, two protein sequences (or polypeptide 
sequences derived from them of at least 30 amino acids in length) are homologous, 
5 asthistermisusedherein,iftheyhaveanalignmentscoreofatmorethan5 (in 

standard deviation units) using the program ALIGN with the mutation data matrix 
and a gap penalty of 6 or greater. See Dayhoff, M. O., in Atlas of Protein Sequence 
and Structure, 1972, volume 5, National Biomedical Research Foundation, 
pp 101-1 10, and Supplement 2 to this volume, pp. 1-10. The two sequences or 
10 parts thereof are more preferably homologous if their amino acids are greater than or 
equal to 50% identical when optimally aligned using the ALIGN program. 

The term "corresponds to" is used herein to mean that a polynucleotide 
sequence is homologous (i.e., is identical, not strictly evolutionarily related) to all or 
a portion of a reference polynucleotide sequence, or that a polypeptide sequence is 
15 identical to a reference polypeptide sequence. In contradistinction, the term 
"complementary to" is used herein to mean that the complementary sequence is 
homologous to all or a portion of a reference polynucleotide sequence. For 
illustration, the nucleotide sequence "TATAC" corresponds to a reference sequence 
"TATAC" and is complementary to a reference sequence "GTATA". 
20 The following terms are used to describe the sequence relationships between 

two or more polynucleotides: "reference sequence", "comparison window", 
"sequence identity", "percentage of sequence identity", and "substantial identity". A 
"reference sequence" is a defined sequence used as a basis for a sequence 
comparison; a reference sequence may be a subset of a larger sequence, for example, 
25 as a segment of a full-length cDNA or gene sequence given in a sequence listing, or 
may comprise a complete cDNA or gene sequence. Generally, a reference sequence 
is at least 20 nucleotides in length, frequently at least 25 nucleotides in length, and 
often at least 50 nucleotides in length. Since two polynucleotides may each (1) 
comprise a sequence (i.e., a portion of the complete polynucleotide sequence) that is 
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similar between the two polynucleotides, and (2) may further comprise a sequence 
that is divergent between the two polynucleotides, sequence comparisons between 
two (or more) polynucleotides are typically performed by comparing sequences of 
the two polynucleotides over a "comparison window" to identify and compare local 

5 regions of sequence similarity. 

A "comparison window", as used herein, refers to a conceptual segment of at 
least 20 contiguous nucleotides and wherein the portion of the polynucleotide 
sequence in the comparison window may comprise additions or deletions (i.e., gaps) 
of 20 percent or less as compared to the reference sequence (which does not 
10 comprise additions or deletions) for optimal alignment of the two sequences. 
Optimal alignment of sequences for aligning a comparison window may be 
conducted by the local homology algorithm of Smith and Waterman (1981) A&L 
Ap p l, Math. 2: 482, by the homology alignment algorithm of Needleman and 
Wunsch (1970) LMoLBipL 48: 443, by the search for similarity method of Pearson 
15 and Lipman (1988) PnrNitl Arad Sri. (U.S.A.) 85: 2444, by computerized 

implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA m the 
Wisconsin Genetics Software Package Release 7.0, Genetics Computer Group, 575 
Science Dr., Madison, Wis.), or by inspection, and the best alignment (i.e., resulting 
in the highest percentage of homology over the comparison window) generated by 

20 the various methods is selected. 

The term "sequence identity" means that two polynucleotide sequences are 
identical (i.e., on a nucleotide-by-nucleotide basis) over the window of comparison. 
The term "percentage of sequence identity" means that two polynucleotide 
sequences are identical (i.e., on a nucleotide-by-nucleotide basis) over the window 
25 ofcomparison. The term "percentage of sequence identity" is calculated by 
comparing two optimally aligned sequences over the window ofcomparison, 
determining the number of positions at which the identical nucleic acid base (e.g., A, 
T, C, G, U, or I) occurs in both sequences to yield the number of matched positions, 
dividing the number of matched positions by the total number of positions in the 
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window of comparison (i.e., the window size), and multiplying the result by 100 to 
yield the percentage of sequence identity. The terms "substantial identity" as used 
herein denote a characteristic of a polynucleotide sequence, wherein the 
polynucleotide comprises a sequence that has at least 85 percent sequence identity, 
5 preferably at least 90 to 95 percent sequence identity, more usually at least 99 
percent sequence identity as compared to a reference sequence over a comparison 
window of at least 20 nucleotide positions, frequently over a window of at least 20- 
50 nucleotides, wherein the percentage of sequence identity is calculated by 
comparing the reference sequence to the polynucleotide sequence which may 
1 0 include deletions or additions which total 20 percent or less of the reference 

sequence over the window of comparison. The reference sequence may be a subset 
of a larger sequence, for example, as a segment of human MCP-1. 

As applied to polypeptides, the term "substantial identity" means that two 
peptide sequences, when optimally aligned, such as by the programs GAP or 
1 5 BESTFIT using default gap weights, share at least about 80 percent sequence 
identity, preferably at least about 90 percent sequence identity, more preferably at 
least about 95 percent sequence identity, and most preferably at least about 99 
percent sequence identity. 

As used herein, the terms "label" or "labeled" refer to incorporation of a 
20 detectable marker, e.g., by incorporation of a radiolabeled amino acid or attachment 
to a polypeptide of biotinyl moieties that can be detected by marked avidin (e.g., 
streptavidin containing a fluorescent marker or enzymatic activity that can be 
detected by optical or colorimetric methods). Various methods of labeling 
polypeptides are known in the art and may be used. Examples of labels for 
25 polypeptides include, but are not limited to, the following: radioisotopes (e.g., 3 H, 
14 C, 35 S, 125 0, ,31 I), fluorescent labels (e.g., FITC, rhodamine, lanthanide, phosphors), 
enzymatic labels (e.g., horseradish peroxidase, P-galactosidase, luciferase, alkaline 
phosphatase), chemiluminescent, biotinyl groups, predetermined polypeptide 
epitopes recognized by a secondary reporter (e.g., leucine zipper pair sequences, 
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binding sites for secondary antibodies, metal binding domains, epitope tags). In 
some embodiments, labels are attached by spacer arms of various lengths to reduce 

potential steric hindrance. 

As used herein, "substantially pure" means an object species is the 
5 predominant species present (i.e., on a molar basis it is more abundant than any 
other individual species in the composition), and preferably a substantially purified 
fraction is a composition wherein the object species comprises at least about 50 
percent (on a molar basis) of all macromolecular species present. Generally, a 
substantially pure composition will comprise more than about 80 percent of all 
10 macromolecular species present in the composition, more preferably more than 
about 85%, about 90%, about 95%, and about 99%. Most preferably, the object 
species is purified to essential homogeneity (contaminant species cannot be detected 
in the composition by conventional detection methods) wherein the composition 
consists essentially of a single macromolecular species. 
15 An isolated "chemokine peptide variant" of peptide 3 or peptide 2 is a 

peptide comprising no more than 30, preferably about 3 to about 25, and more 
preferably about 3 to about 18, and even more preferably about 3 to about 11, 
peptidyl residues which have at least 50%, preferably at least about 80%, and more 
preferably at least about 90% but less than 100%, contiguous amino acid sequence 
20 homology or identity to the amino acid sequence of the corresponding native 

chemokine, e.g., Ser 7 peptide 3(1-12)[MCP1] (SEQ ID NO:l 1) has less than 100% 
homology to the corresponding amino acid sequence of MCP-1, i.e., peptide 3(1- 
12)[MCP-1] (SEQ ID NO:l). A variant of the invention may include amino acid 
residues not present in the corresponding native chemokine, and internal deletions 
25 relative to the corresponding native chemokine. Chemokine peptide variants 
include peptides having at least one D-amino acid. 

Chemokine peptides or peptide variants which are subjected to chemical 
modifications, such as esterification, amidation, reduction, protection and the like, 
are referred to as chemokine "derivatives." For example, a modification known to 
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improve the stability and bioavailability of peptides in vivo is the cyclization of the 
peptide, for example through one or more disulfide bonds. A preferred modification 
is the synthesis of a cyclic reverse sequence derivative (CRD) of a peptide of the 
invention. A linear peptide is synthesized with all D-form amino acids using the 

5 reverse (i.e., C-terminal to N-terminal) sequence of the peptide. If necessary, 
additional cysteine residues are added to the N and C termini (if the peptide 
sequence does not already have N and C terminal cys residues), thereby allowing 
oxidative cyclization. However, the term "CRD" includes cyclization by other 
mechanisms, e.g., via a peptidyl bond, and the like. A preferred derivative of the 

10 invention is CRD-CySoCys^LeuJle, .peptide 3[MCP-1] or CRD-Cys^LeuJle,, 

peptide 3(3-12)[MCP-l]. 

Also included within the scope of the term "derivative" is linear reverse D 
(LRD) and cyclized forward L (CFL) derivatives. LRD derivatives have the reverse 
(i.e., C-terminal to N-terminal) sequence of the peptide with all D-form amino acids, 

15 but are not cyclized. CFL derivatives have the forward (i.e., N-terminal to C- 

terminal) sequence of the peptide with all L-form amino acids, but with additional N 
and C terminal cys residues (if the peptide sequence does not already have cys 
residues at either the N or the C terminal position), followed by oxidative 
cyclization, or cyclization by an alternative method. Other "derivatives" of the 

20 invention include branched peptides, circular, branched and branched circular 
peptides. 

A "chemokine analog" means a moiety that mimics or inhibits a chemokine- 
induced activity, or binds to or near a chemokine receptor but does not mimic or 
inhibit chemokine activity (neutral), wherein the portion of the moiety that mimics 
25 or inhibits the chemokine-induced activity, or binds to or near the receptor but is 
neutral, is not a peptide, and wherein the active portion of the analog is not a nucleic 
acid molecule. As used herein, the term "mimics" means that the moiety induces an 
activity that is induced by a native chemokine, but that the induction by the analog is 
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„„, necessary of the same magnitude as the induction of activity thenative 

chemokine. 

„ is also envisioned that the chemokine peptides, vanants, analogs and 
derivatives mereof, of ,he invention may eompnse moieties other than the portion 
5 which inhibits or mimics chemokine activity, or hinds to or near a chemoktne 
.ceptor without elic.ting or inhibiting signaling, e.g., peptide or polypeptide 
moiecules, such as antibodies or fragments thereof or fusion proteins, nuc.e.c actd 
m o,ecu,es, sugars, lipids, fats, a detectable signal molecule such as a radro.sotope, 
e g gamma emitters, paramagnetic molecules or sound wave emitters, sma 1 
,„ chemicals, metals, salts, synthetic polymers, e.g., polylactide and po.yglycohde, 
surface and glycosaminoglycans, which preferably are covaiently attached or 
lntea „ the portion of the peptide, variant, analog or derivative tha, mim.cs or 
inhibits me chemokine-induced activity, so long as the other moieties do no, alter 
,he biologica, activity of the peptide, variant, ana.og or derivative. Also envrsroned 
,5 Uachem„ki»epeptide,vanant,a„a,ogorderivativema,isnon-covalen,ly 

associated with the moieties described above. 

A preferred chemokine analog of the invention is a compound of 

formula (IV): 




(IV) 
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wherein R 1 is aryl, heteroaryl, aryl(C,-C,)alkyl, heteroaryKC.-Oalkyl, 
coumaryl, c„umaryl(C,- Cl )alkvl, chromanyl or chromanyKC-Oaikyl; wherein any 
aryl or heteroaryl group, or the benz-nng of any coumary, or chrotnany. group may 
optionally he substituted with one, two or three substituents selected torn the group 
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consisting of halo, nitro, cyano, hydroxy, (C t -C 6 )alkyl, (C,-C 6 )alkoxy, (C,- 

C 6 )alkanoyl, (C^^ 

wherein R 2 is (C r C I0 )alkyl, (C 3 -C 6 )cycloalkyl, (C^cycloalkyKC- 
C 6 )alkyl, (C r C 10 )alkoxy, (C3-C 6 )cycloalkyl(C,-C 6 )alkoxy or N(R*)(R b ); 
5 wherein R 3 is (C 1 -C I0 )alkyl, (C 3 -C 6 )cycloalkyl, (C^cycloalkyKC,- 

C 6 )alkyl, (C r C 10 )alkoxy, (C3-C 6 )cycloalkyl(C r C 6 )alkoxy or N(R°)(R d ); 
wherein Y is oxo or thioxo; 

wherein Z is (C r C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C^cycloalkyKC.-Qalkyl, 
( Cl -C 10 )alkoxy, (C 3 -C 6 )cycloalk y l(C 1 -C 6 )alkoxy orNCR'XR 1 ); and 
10 wherein R a -R j are each independently hydrogen, (C 1 -C 10 )alkyl, 

(C r C 10 )alkanoyl, phenyl, benzyl, or phenemyl; or R> and R b , R R« and R', R' 
and R h , or R« and R together with the nitrogen to which they are attached form a nng 
selected from pyrrolidino, piperidino, or morpholino; or a pharmaceutically 

acceptable salt thereof. 

15 A preferred embodiment of a compound of formula (IV) includes a 

compound of formula (IV) wherein R' is aryl, heteroaryl, coumaryl, or chromanyl. 
Preferably aryl is phenyl; and heteroaryl is indolyl or pyridinyl. Another preferred 
embodiment of a compound of formula (TV) includes a compound of aformula (TV) 
wherein R 2 is N(R a )(R b ); and R 3 is N(R<)(R d ). Yet another preferred embodiment of 

20 a compound of formula (IV) includes a compound of a formula (TV) wherem Z is 
(C,-C I0 )alkyl. 

A further preferred compound is a compound of formula (IV) wherein R is 
indolyl; R 2 is N(R')(R b ); R 3 is N(R<)(R d ); Y is S; Z is hydrogen; and R b , R<, and 
R d are each methyl. 

25 Yet another preferred compound of formula (IV) includes a compound 

wherein R' is 2-benzimidazolyl; for R 2 is N(R')(R b ); R 3 is N(R«)(R d ); Y is oxo; and 
Z is N(R e )(R < ) or a pharmaceutically acceptable salt thereof. Another preferred 
compound of formula (IV) is a compound wherein R« is 2-benzimidazolyl; R 2 is 
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N(Me) 2 ; R 3 is N(Me) 2 ; Y is oxo; and Z is N(Me) 2 ; or a pharmaceutically acceptable 

salt thereof. 

Another preferred chemokine analog of the invention is a compound of 
formula (V): 




wherein R 4 is NR k R.; wherein R 5 is NRJl,,; wherein R 6 is NR 0 R p ; wherein R 7 is 
Nr R/ wherein R 8 is hydrogen, hydroxy, (C 1 -C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 - 
C 6 )cycloalkyl(C r C 6 )alkyl, (C,-C 10 )alkoxy, (C3-C 6 )cycloalkyl(C r C 6 )alkoxy, NR*, 
10 the amino terminus of an amino acid or the N-terminal residue of a peptide of 2 to 
about 25 amino acid residues; wherein R k , R„ K, and R„ are each independently 
hydrogen, (C,-C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C3-C 6 )cycloalkyl(C r C 6 )alkyl, 
(C r C 10 )alkanoyl, phenyl, benzyl or phenethyl; wherein ^ are R„ are each 
independently hydrogen, (C r C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C^cycloalkyKC,- 
15 C 6 )alkyl, (C r C 10 )alkoxy, (C r C 10 )alkanoyl, (C r C 10 )alkoxycarbonyl, 

9-fluorenylmethoxycarbonyl, phenyl, benzyl, phenethyl, the C-terminal residue of an 
amino acid or a peptide of 2 to about 25 amino acid residues; wherein R,, are R, are 
each independently hydrogen, (C r C 10 )alkyl, (C 3 -C 6 )cycloalkyl, (C 3 - 
C 6 )cycloalkyl(C r C 6 )alkyl, phenyl, benzyl or phenethyl; wherein R, are R, are each 
20 independently hydrogen, (C r C l0 )alkyl, (C 3 -C 6 )cycloalkyl, (C^cycloalkyKC,- 
C 6 )alkyl, phenyl, benzyl or phenethyl; or a pharmaceutically acceptable salt thereof. 

Preferably R* R„ K> and R„ are each hydrogen; R„ are K are each 
independently hydrogen, acetyl, (C.-^alkyl, (C 3 -C 6 )cycloalkyl, propoxy, butoxy, 
^-butoxycarbonyl, 9-fluorenylmethoxycarbonyl, the C-terminal residue of an 
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amino acid or a peptide of 2 to about 25 amino acid residues; and are R, are each 
independently hydrogen, (C,-C 10 )alkyl, or (C 3 -C 6 )cycloalkyl. 

A further preferred chemokine analog of the invention is a compound of 
formula (VI): 

JO 3 




As used herein, halo is fluoro, chloro, bromo, or iodo. The terms alkyl and 
alkoxy denote both straight and branched groups, but reference to an individual 
radical such as "propyl" embraces only the straight chain radical, a branched chain 
isomer such as "isopropyl" being specifically referred to. Aryl denotes a phenyl 
10 radical or an ortho-fused bicyclic carbocyclic radical having about nine to ten ring 
atoms in which at least one ring is aromatic. Heteroaryl encompasses a radical 
attached via a ring carbon of a monocyclic aromatic ring containing five or six ring 
atoms consisting of carbon and one to four heteroatoms each selected from the 
group consisting of non-peroxide oxygen, sulfur, and N(R 4 ) wherein R 4 is absent or 
1 5 is hydrogen, (C,-C 4 )alkyl, phenyl or benzyl, as well as a radical of an ortho-fused 
bicyclic heterocycle of about eight to ten ring atoms derived therefrom, particularly a 
benz-derivative or one derived by fusing a propylene, trimethylene, or 
tetramethylene diradical thereto. 

It will be appreciated by those skilled in the art that compounds of 
20 formula (TV), (V), or (VI) including compounds of the invention which are peptides 
having chiral centers, may exist in and be isolated in optically active and racemic 
forms. For example, compounds of the invention comprise cc-amino acid residues in 
D or L form, or mixtures thereof. Some compounds may exhibit polymorphism. It 
is to be understood that the present invention encompasses any racemic, optically- 
25 active, polymorphic, or stereoisomeric form, or mixtures thereof, of a compound of 



44 



the invention, which possess the useful properties described herein. It is well known 
in the art how to prepare optically active forms (for example, by resolution of the 
racemic form by recrystallization techniques, by synthesis, from optically-active 
starting materials, by chiral synthesis, or by chromatographic separation using a 
5 chiral stationary phase). It is also well known to the art how to determine a 
compounds ability to inhibit or enhance chemokine-induced activity using the 
standard tests described herein, or using other tests which are well known in the art. 

Specific and preferred values listed herein for radicals, substituents, and 
ranges, are for illustration only and they do not exclude other defined values or other 
10 values within defined ranges for the radicals and substituents. Specifically, 
(C,-C 10 )alkyl can be methyl, ethyl, propyl, isopropyl, butyl, iso-butyl, sec-butyl, 
pentyl, 3-pentyl, hexyl, heptyl, octyl, nonyl, or decyl; (C,-C 6 )alkyl can be methyl, 
ethyl, propyl, isopropyl, butyl, iso-butyl, sec-butyl, pentyl, 3-pentyl, or hexyl; (C,- 
C 3 )alkyl can be methyl, ethyl, or propyl; (C r C 6 )cycloalkyl can be cyclopropyl, 
15 cyclobutyl, cyclopentyl, or cyclohexyl; (C r C 10 )alkoxy can be methoxy, ethoxy, 

propoxy, isopropoxy, butoxy, iso-butoxy, sec-butoxy, pentoxy, 3-pentoxy, hexyloxy, 
heptyloxy, octyloxy, nonyloxy, or decyloxy; (C r C 6 )alkoxy can be methoxy, ethoxy, 
propoxy, isopropoxy, butoxy, iso-butoxy, sec-butoxy, pentoxy, 3-pentoxy, or 
hexoxy; (C,-C 10 )alkanoyl can be formyl, acetyl, propanoyl, butanoyl, pentanoyl, 
20 hexanoyl, heptanoyl, octanoyl, nonanoyl, or decanoyl; (C,-C 6 )alkanoyl can be 

formyl, acetyl, propanoyl, butanoyl, pentanoyl, or hexanoyl; (C 2 -C 6 )alkanoyloxy can 
be acetoxy, propanoyloxy, butanoyloxy, pentanoyloxy, or hexanoyloxy; aryl can be 
phenyl, indenyl, or naphthyl; and heteroaryl can be furyl, imidazolyl, tetrazolyl, 
pyridyl, (or its N-oxide), thienyl, benzimidazolyl (or its N-oxide), pyrimidinyl (or its 
25 N-oxide), indolyl, or quinolyl (or its N-oxide). 

Preferably, the therapeutic agents of the invention are biologically active. 
The biological activity of a chemokine peptide, peptide variant, analog or derivative 
thereof, can be measured by methods known to the art, some of which are described 
hereinbelow. For example, biologically active peptide 3[MCP-1] variants falling 
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As used herein, "indications associated with chemokine-induced activity" 
inctades, but is no. limited to, ****** - °*« *n- « ■»-»« 

vasculitis, disuses such as myocardia. infarction, stroke and acute ischemia wh.ch 
are secondary to atherosclerosis; hypertension; reperfusion injury (Kumar e. al., 
5 CtataSta B. 693 (1 997)); aortic aneurysms; vein graft hyperplasia; angtogenests; 
hypercholesterolemia; congestive hear, failure; Kawasaki's disease; stenos* or 
restenosis, par.icu.ariy in patients undergoing angioplasty, pathologically .ow bone 
mineral density, such as osteoporosis (Posner et al., B2M, 2X 321 (1997)); 
ulcerative colitis; chronic obstructive pulmonary disease; infection withhuman 
,0 immunodeficiency virus (HIV), other lentiviruses or retroviruses wth smular 

mechanisms of ce.l entry viachemokine receptors), or infection with other vtruses, 
eg cy«omegalovirus(Sozzanie.a..,IJ^k 2 ^ S i30(.997)),orvi ra . 
mfection resulting in viral meningitis; organ transplantation, such as acute transplant 
rejection, allograft rejection and graft versus hos. disease; transplant vasculopathy; 
, 5 malaria and other consequences of mfection by parasites related to plasmodtum; 
asthma; allergic diseases, such as atopy (IgE-mediated components), allergic 
rhinitis, atopic dermatitis, anaphylaxis, allergic bronchopulmonary asperguloas 
dgE-mediated), and hypersensitivity pneumonitis (high IgG and reactive T cells) 
(pigeon breeders disease, farmer's lung disease, humidifier tang disease, malt 
20 workers' lung disease); al.ergies, including flea allergy dermatitis in mammals such 
as domestic animals, e.g., dogs and cats, contact allergens including mosqutto hues 
„ r outer insect sting allergies, poison ivy, poison oak, poison sumac, or other skm 
allergens; urticaria; eczema; pulmonary fibrosis such as idiopathic pulmonary 
fibrosis; cystic fibrosis; hemolytic uremic syndrome (Van Setten et a,., Esd^, 
25 41 759 (1998)); autoimmune disorders, including, but not limited to, type I dtabetes, 
Crohn's disease, multiple sclerosis, arthritis, rheumatoid arthritis (Ogata et al., L 
Whtltt 106(1997); Gong e, al., LMd, H*. 131 (.997)), systemic lupus 
erymema.osus, autoimmune (Hasimoto's) thyroiditis, autoimmune liver d,seases 
such as hepatitis and primary biliary cirrhosis, hyperthyroidism (Graves' drsease; 
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thyrotoxicosis), insulin-resistant diabetes, autoimmune adrenal insufficiency 
(Addison's disease), autoimmune oophoritis, autoimmune orchitis, autoimmune 
hemolytic anemia, paroxysmal cold hemoglobinuria, Behcet's disease, autoimmune 
thrombocytopenia, autoimmune neutropenia, pernicious anemia, pure red cell 
5 anemia, autoimmune coagulopathies, myasthenia gravis, autoimmune polyneuritis, 
experimental allergic encephalomyelitis, pemphigus and other bullous diseases, 
rheumatic carditis, Goodpasture's syndrome, postcardiotomy syndrome, Sjogren's 
syndrome, polymyositis, dermatomyositis, and scleroderma; eye diseases such as 
uveitis or blinding Herpes stromal keratitis; liver disease; erhlichiosis or Lyme 
1 0 disease including Lyme arthritis; aberrant hematopoiesis; nephritis due to, for 

example, autosomal dominant polycystic kidney disease, diabetic nephropathy, IgA 
nephropathy, interstitial fibrosis, or lupus; as well as other disease states resulting 
from inappropriate inflammation, either local or systemic, for example, irritable or 
inflammatory bowel syndrome (Mazzucchelli et al., J, Pathol., I7JL 201 (1996)), 
1 5 psoriasis (Gillitzer et al., Arrh Dermatol. Res.. 284, 26 (1992); Yu et al., Lab 
Tnvestig. . 71, 226 (1994)), delayed type hypersensitivity, Alzheimer's disease, 
chronic pulmonary inflammation, e.g., pulmonary alveolitis and pulmonary 
granuloma, gingival inflammation or other periodontal disease, and osseous 
inflammation associated with lesions of endodontic origin (Volejnikova et al., Anx 
20 J. Pathol.. 150 . 1711 (1997)), hypersensitivity lung diseases such as hypersensitivity 
pneumonitis (Sugiyama et al., Fur. Respir. J. . 8_, 1084 (1995)), and inflammation 
related to histamine release from basophils (Dvorak et al., J. Allergy Clin. 
Immunol.. 9.8, 355 (1996)), such as hay fever, histamine release from mast cells 
(Galli et al., r.iha Foundation Symposium . 141 53(1989)), or mast cell tumors, 
25 types of type 1 hypersensitivity reactions (anaphylaxis, skin allergy, hives, allergic 
rhinitis, and allergic gastroenteritis); glomerulonephritis (Gesualdo et al., Kidney 
Tntemational. 51, 155 (1997)); inflammation associated with peritoneal dialysis 
(Sach et al., Ngphml Dial. Transplant . L2, 315 (1997)); and pancreatitis. 
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Other indications falling within the scope of the invention include, but are 
not limited to, neoplasia, e.g., histocytoma, glioma, sarcoma, osteosarcoma, osteoma 
(Zheng et al., J Cell Biochem. . 2Q, 121 (1998)), melanoma, Kaposi's sarcoma, 
small cell lung cancer, and ovarian carcinoma as well as myelosuppression and 
5 mucositis associated with chemotherapy; brain or spinal cord trauma, such as after 
disc surgery (Ghirnikar et al., T Neurosci. Res. . 46, 727 (1996); Berman et al., L 
Immunol.. 156. 3017 (1996)); gout; lung disease, e.g., due to respiratory syncicial 
virus infection of humans, cattle, pigs and the like, or lung injury (Lukacs et al., 
Adv. Immunol. 62, 257 (1996)); strokes; Loeffler's syndrome; chronic eosinophilic 
1 0 pneumonia; pulmonary fibrosis; wound healing; bacterial infection, e.g., bacterial 
peritonitis or meningitis; granulomatous diseases such as Mycobacteriosis, 
Pneumocystosis, Histoplasmosis, Blastomycosis, Coccidiomycosis, Cryptococcosis, 
Aspergillosis, granulomatous enteritis, Candidiasis, foreign body granulomas and 
peritonitis, pulmonary granulomatosis, Wegener's granulomatosis (Del Papa et al., 
1 5 Arthritis Rheum. . 22, 758 (1 996)), leprosy, syphilis, cat-scratch disease, 
schistosomiasis (Jacobs et al., Am. J. Pathol.. 150, 2033 (1997)), silicosis, 
sarcoidosis (Iida et al., Thorax. 52, 431 (1997); Car et al., Am J Respir. Crit. Care 
Med.. 149. 655 (1994)) and berylliosis; lethal endotoxemia (Zisman et al., J, Clin. 
Invest.. g9_, 2832 (1997)); and indications associated with a weak inflammatory 
20 response, e.g., which occur in parasitic infection, e.g., Leishmaniasis (Moll, BjoL 
Abs.. 104. 21765 (1997)), trypanosome, Mycobacterium leprae or Mycobacterium 
tuberculosis infection, helminth infections, such as nematodes (round worms); 
(Trichuriasis, Enterobiasis, Ascariasis, Hookworm, Strongyloidiasis, Trichinosis, 
filariasis); trematodes (fluxes) (Schistosomiasis, Clonorchiasis), cestode (tape 
25 worms) (Echinococcosis, Taeniasis saginata, Cysticercosis); visceral works, visceral 
larva migrans (e.g., Toxocara), eosinophilic gastroenteritis (e.g., AnisaH spp., 
Phocanema ssp.), cutaneous larva migrans (Ancylostoma braziliense, Ancylostoma 
caninum), or fungal infection. 
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In addition, to prevent or treat indications associated with a weak 
inflammatory response, the agents of the invention, i.e., peptide 2, its variants, 
analogs and derivatives, may be employed as vaccine adjuvants. 

The peptides of the invention may also be useful as contraceptives or to 
5 induce abortion, in acute respiratory distress syndrome, and diseases where steroids 
are routinely used (e.g., relapsing Beheers colitis and asthma). 

Also included within the scope of the invention are indications associated 
with tumor necrosis factor a (TNFa), e.g., rheumatoid arthritis or endotoxemia, or 
indications associated with elevated levels of TNFa. These indications include, but 
10 are not limited to, endotoxic shock; Crohn's disease; fever, and flu-like symptoms; 
acute interstitial pneumonitis; septic and nonseptic shock; acute respiratory distress 
syndrome; thromboembolic conditions; bone resorption; arthritis; acute graft versus 
host disease; cerebral malaria; cachexia of tuberculosis or cancer; lung injury; and 
idiopathic fibrosis. 

15 T Identification of Therapeutic Agents Falling w ithin the Scone of the Invention 
Agents useful in the practice of the invention include agents that inhibit or 
reduce (e.g., chemokine receptor antagonists), or increase, augment or enhance (e.g., 
chemokine receptor agonists), chemokine-induced activity, e.g., monocyte or 
macrophage recruitment. These agents can be identified by in vitro and in vivo 

20 assays, such as the assays described hereinbelow. It is recognized that not all agents 
falling within the scope of the invention can inhibit or enhance chemokine-induced 
activity in vitro and in vivo. The therapeutic agents of the invention may be direct 
receptor binding agonists and/or antagonists, or may act by a different mechanism, 
e.g., duplex formation of antisense nucleic acid with chemokine mRNA, or by more 

25 than one mechanism, so as to result in the alteration of chemokine-induced activity. 
A. Peptides. Variants. Derivatives and Analogs 
1 . In vitro chemotaxis 

To determine whether an agent inhibits a chemokine-induced activity, such 
as macrophage recruitment, varying amounts of the agent are mixed with cells in the 
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presence of a known chemoattractant. For example, a range of known 
concentrations of an agent, e.g., a chemokine peptide, is incubated with a defined 
number (e.g., Vf-Vf) of human THP-1 monocyte cells in individual wells of the 
,„p compartment of a trans-well plate. Chemokme (such as MCP-1, MlPla, IU or 
5 SDF-la) at a concentration known to cause significant migration of THP-1 cells m 
me trans-well migration assay, is placed in the lower compartment (Figure 1). Cells 
are men incubated at 37°C for a period sufficient to allow migration, e.g., 4 hours. 
After incubation, the cells are gently removed from the top of me filter with a 
pipette, 20 ul of 20 nuM EDTA in simple PBS is added into each top well, and 
,0 incubated for 20 minutes at 4°C. The filter is carefully flushed with media usmg a 
gentie flow, and removed. A standard curve consisting of a two-fold dilution senes 
of THP-1 cells (in 29 ul) is prepared to accurately quantify me number of cells that 
havemigrated. Migrated cells are stained with 3 ul of MTT stock dye solution 
which is added directly into each well (5 mg/ml in RPMI-1640 without phenol red, 
,5 SigmaChemicalCo.)a„dincuba.=da.37»Cfor4hours. The media is carefiuly 

aspirated from each well, and the converted dye is solubilized by 20 ul of DMSO. 
Ab S o*anceofconverteddyeismeasureda,awavele»g«hof 5 9 5 nmusingan 

ELISA plate reader. The number of migrated cells in each well is men determined 
by interpolation of the standard curve (see also Imai e. al., LBifiUtoL, 222, 

20 15036(1997)). 

Any method suitable for counting cells can be used, for example, countmg 
with a hemocy.ome.er, incubation of the cells with MTT (see above), or FACS 
analysts. A negative control assay is also performed, using TGF-P or another non- 
chemokine chemoattraotan. (e.g., IL1P or TNFa). To assess whether the agent ,s 
25 cytotoxic, the same concentrations of agent are incubated with THP-1 cells. Agents 
which 1) are no. cytotoxic at levels which inhibit migration, 2) are ineffective a. 
inhibiting me negative control-induced migration, and 3) reduce or mtnbtt 
chemokine-induced THP-1 migration, are agents which fall within the scope of the 

invention. 
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Agents may also be screened in a chemotactic assay which employs human 
neutrophils, eosinophils, mast cells, basophils, platelets, lymphocytes or monocytes. 
For monocytes, 9 mis of fresh blood are transferred to a tube containing 1 ml of 
3 8% sodium citrate, and left at room temperature for 15 minutes. Five mis of this 
5 anti-coagulated blood are carefully layered over 3.5 ml Polymorphprep® (Nycomed 
Pharma, Oslo), and centrifuged at 500 g for 35 minutes per the manufacturer's 
instructions. The top band at the sample/medium interface contains monocytes. 
The monocytes are carefully removed with a glass pipette, and reconstituted to the 
original volume (5 ml). The cells are washed with PBS plus 10% fetal calf serum, 
10 and centrifuged at 400 g for 10 minutes. The washing step is repeated three times 
before the cells are counted. Cells are resuspended at 1 x 10 7 cells/ml in RPMI- 
1640 + 10% fetal calf serum (FCS). The monocytes are cultured for two days at 
37°C in a humidified atmosphere of 5% C0 2 . 

On day 2, the cells are counted, spun down, and reconstituted to 1 * 
15 10 7 cells/ml in Gey's balanced salt solution + 1 mg/ml bovine serum albumin 

(BSA). Chemotaxis is induced in a 48 or 96-well disposable chemotaxis chamber 
fitted with a 5-8 urn polycarbonate filter for monocytes, neutrophils or eosinophils, 
or a 3 urn filter for lymphocytes (Uguccioni et al, Fur J. Immunol , 25, 64 (1995); 
Loetscher et al., T Exp. Med.. 184, 569 (1996); Weber et al., JJmmunol, 4166 
20 (1995)) (PVP free, ChemoTX, Neuroprobe Inc., Cabin John, MD). Twenty-nine ul 
of chemoattractant or control are added to the lower compartment of each well. The 
framed filter is aligned with the holes in the corner of the filter frame and placed 
overthewells. Two and one-half x 10 5 monocytes in 25 ul of Gey's balanced salt 
solution + 1 mg/ml BSA are added to the upper compartment. The agent is 
25 dissolved in Milli Q water and then serially diluted in the Gey's balanced salt 

solution. In most cases, the serially diluted agent is added to the upper compartment 
of the chemotaxis chamber. The chamber is incubated at 37°C in a humidified 
atmosphere of 5% C0 2 for 1.5 hours. 
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(500 nm) wavelength Perkin-Elmer LS5 fluorometer. [Ca'1 is calculated from 
changes in fluorescence measured at a single excitation wavelength of 340 nm. 

[On measurements in cells that are stably transformed with a molecularly 
cloned chemokine receptor which is not expressed in the corresponding non- 
5 transformed cells are performed essentially as described above. After loading with 
Fura-2/AM, cells (1 * 10«/ml) are kept in ice-cold medium (1 18 mM NaCl, 4.6 mM 
KC1, 25 mM NaHC0 3 , 1 mM KH 2 P0 4 , 11 mM glucose, 50 mM HEPES, 1 mM 
MgCl 2 , 1 mM CaCl 2 , 0.1% gelatin (pH 7.4). Aliquots (2 ml) of cell suspension are 
prewarmed at 37°C for 5 minutes in 3-ml plastic cuvettes, and fluorescence is 
10 measured in a fluorometer (Johnson Foundation Biomedical Group) with magnetic 
stirring and temperature controlled at 37°C. Excitation is set at 340 nm, and 
emission is set at 510 nm. [Ca 2+ ] ; is calculated as described above. 

For studies in monocytes on cross-desensitization of calcium responses, 
chemokines are added sequentially with a 2-minute interval, and [Ca'1 transients 
15 are recorded. The concentrations used in these types of studies vary for each ^ 
chemokine and are set at levels known to induce the maximal response for [Ca*], 
mobilization (see Forssmann et al., FEBSLett, 408, 21 1 (1997); Sozzani et al., L 
I^cpaBioL 51, 788 (1995); Berkhout et al., J^ipl^hem. 222, 16404 (1997)). 
^ rv^mnUn* binding ™* binding displacement 
20 In general, specific binding is calculated as the amount of labeled agent 

bound in the absence of cold competitor minus the amount of labeled agent bound in 
the presence of cold competitor. The amount of specific binding in the presence of 
varied amounts of cold competitor can be used to determine the association 
constant for the agent, as well as the number of binding sites on the cell for the 
25 agent, using, for example, Scatchard Analysis. The agent may be labeled by 

radiolabeling (e.g., iodination) or with a suitable biochemical tag (e.g., biotm) or by 
addition of a photoactivatable crosslinking group. Agents with an association 
constant lower than 100 uM (i.e., which bind more strongly than an agent with an 
association constant of 100 uM) and which have at least about 2,500, preferably at 
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fo , a, leas, one cell type which expresses a chemoxine receptor, fall under th-pe 
ofthis invention. THP-1 cells have at leas, about 5,000 MCP-i receptors/ceil 
For example, monocytes are suspended in RPMI .640 medium wtthou. 
5 donate coining 0.2% bovine serum a,bumin and 0.1% azide. Rad,„.abe.ed 
cnem ox,ne peptide , incubated -Us, e.g., * «* » * 

presence or absence of increasmg concentrations of unlabeled chemoxrne MC -1, 

a final voiume of 0.2 ml (e.g., PBS + 0.5% PCS). After the incubatton, 0.5 ml of 
W ice-co.d wash buffer (20 mM Tris, 0.5 M Nad, P« 7.4) is added, and cells are 
collectedontoapolyemylen^^^ 

bound to the filters is counted in a y-counter. 

• • TC is calculated with a curve fitting program 

For competition studies, the 1C 50 is caimiai* 

,5 (GraFit, Erithacus Software, London), using a four-parameter logistic, cpnw - 
and istheslopefacto. The cm,w is corrected for »„o cel." control, To obtain 

"'^emokine binding toce., stab.,— ed with a molecular* cloned 
cnemoMnerecep.risperformedessentiaUy as described above 

25 radio^.eda g en,p.u,„rmi„usunlabeledchemo to =sfor30m^at37C(see 
auo, Imai e, a.., supra; Sozzani e, a,. (1995), supra; Berxhou, et al., supra; WO 
97/22698). 
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The affinity of the therapeutic agent to DARC may o 

lart eg the ability of the agent to inhibit the binding of radio- 
method known in the art, e.g., J darq 

■ ,r MCP-1 to red blood cells (see Example 3). Agents wmc 

„0. e .,a S e, C c ti vi«y rat .o> 1 ).— W ,ntheprac,,ce„fother 
embodiments of themethods of the invention. 

^ with low concentrations of FCb, e.g., 

Many chemokines are co-tmtogemc w,th low AssaysweU 
« , . MCP 1 + 0 5% FCS is a mitogen for smooth muscle cells. Assays weU 
15 50 ng/ml MCP-1 + 0.5 /o fnNAsTOthesis induced by any known 

— »*«■ ta — 3 ^ tU> " „„ suitable ce,.s(e.g.,s,»o„<h 

c„emokmep.usalowconcentrationC<5/.)ofFCSo 

agents for such inhibitory activity. See Porreca et al., UM» - 
20 me disclosure of which is incorporated by reference herem. 

1^^^^ ent . b . e t0 lentivta , infection as a result of 

T„ prepare eel, lines tha, are susceptib, en. 

. .„ HeLa-MAGHKirnptonandEmerman,lJi!B!L,fflH^. 
25 receptor, e^Hel* MA P ^ 5939 („93)) cells, by 

or U373-MAGI (Harrington *^ ^^fthe chemokine receptor on the cell 
infection with a retroviral vector. Expression o Expre s S ionof 

me RNA encoding me receptor is demonstrated by RT PCR 
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and U373-MAGI express 0-galactosidase after lentiviral infection. Incubation of 
infected cells with X-gal results in the deposit of a blue stain in these cells. 

Infection of the chemokine receptor-stably transformed cell lines with HIV 
in the presence or absence of agent is performed in 12-well plates with 10-fold serial 
5 dilutions of 300 ul of virus in the presence of 30 ug/ml DEAE-Dextran as described 
(Kimpton and Emerman, supra). Viral stocks are normalized by ELISA or p24^ 
(Coulter Immunology) or p27- (Coulter Immunology) for HIV-1 and HIV-2/SIV, 
respectively, using standards provided by the manufacturer. 

Two days after infection, cells are fixed and stained for (3-galactosidase 
10 activity with X-gal. The cells are stained for 50-120 minutes at 37°C. The 

infectious titer is the number of blue cells per well multiplied by the dilution of virus 

and normalized to 1 ml. 

For other methods useful to determine whether an agent inhibits lentiviral 
infection and/or replication, see also Cocchi et al., 220. 181 1 (1995), and 

15 W097/22698. 
R Agonists 

To determine whether an agent of the invention is a chemokine receptor 
agonist, varying amounts of a labeled form of the agent , e.g., biotinylated, are 
mixed with cells that express the receptor, e.g., THP-1 cells express receptors for 
20 MCP-1, MlPla, SDF-la and IL-8, while Jurkat cells express functional receptors 
for SDF-1. The affinity of the labeled agent for the cells is then determined. Agents 
that bind to receptors with a reasonable affinity and interact with the receptor by 
inducing signaling, are within the scope of the invention. While not encompassed 
by the term "agonist" or "antagonist", agents that bind to or near the receptor but 
25 elicit no response are also within the scope of the invention, and are termed 
"neutral" agents. 

Agents with agonist activity may also be identified using the transwell 
migration assay, where the cells are placed in the upper compartment (see Figure 1) 
in the absence of agent, and the agent, e.g. peptide 2[MCP-1], is placed at varying 
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concentrations in the lower compartment in place of the chemokine. If the agent(s) 
have agonist activity, more cells are found in the lower compartment at the end of 
the assay in wells containing the agent(s) than in wells containing inactive control, 
i.e., agent or medium alone. Preferably, agents having agonist activity also stimulate 

5 migration of primary human cells, e.g., monocytes, in a transwell migration assay. 
Moreover, weak agonists or neutral agonists (agents which bind to the 
receptor but do not inhibit binding of native chemokine and its subsequent signaling, 
nor do they induce signaling themselves) can be identified by screening the agents 
for ability to displace the binding of HIV gpl20, specifically the V3 loop of gpl20, 

10 to the surface of THP-1 cells or Jurkat cells. Cells are incubated with labeled (for 
example, radioiodinated) recombinant gpl20 protein in an amount effective to bind 
to the virus receptor, in the presence and absence of various concentrations of the 
agent(s). Agents which reduce or abolish gpl20 binding are agonists or neutral 
agonists within the scope of the invention. 

15 9. In vivo 

A rapid method to determine whether an agent of the invention inhibits or 
augments an inflammatory response is to inject a selected chemokine into the skin of 
an animal in the presence or absence of an agent of the invention. At some later 
point in time, animals are sacrificed and the number of inflammatory cells in 

20 animals exposed to chemokine and the agent is compared to the number of 

inflammatory cells in animals exposed to chemokine alone, e.g., by quantitative 

immunofluorescence, relative to control animals. 

R Nucleic acid molecules of the invention 

1 Sources of the Nucleic Acid Molecules of the Invention 

25 Sources of nucleotide sequences from which the present nucleic acid 

molecules encoding a chemokine peptide, a variant thereof or the nucleic acid 
complement thereof, include total or polyA + RNA from any eukaryotic, preferably 
mammalian, cellular source from which cDNAs can be derived by methods known 
in the art. Other sources of the DNA molecules of the invention include genomic 
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libraries derived from any eukaryotic cellular source. Moreover, the present DNA 
molecules may be prepared in vitro, e.g., by synthesizing an oligonucleotide of about 
100, preferably about 75, more preferably about 50, and even more preferably about 
40, nucleotides in length, or by subcloning a portion of a DNA segment that encodes 

5 a particular chemokine. 

7 Isolation of a Gene Encodin p a Chemokine 

A nucleic acid molecule encoding a chemokine can be identified and isolated 
using standard methods, as described by Sambrook et al., Molecular Cloning: A 
T.ahoratorv Manual . Cold Spring Harbor, NY (1989). For example, reverse- 

1 0 transcriptase PCR (RT-PCR) can be employed to isolate and clone chemokine 

cDNAs. Oligo-dT can be employed as a primer in a reverse transcriptase reaction to 
prepare first-strand cDNAs from isolated RNA which contains RNA sequences of 
interest, e.g., total RNA isolated from human tissue. RNA can be isolated by 
methods known to the art, e.g., using TRIZOL™ reagent (GIBCO-BRL/Life 

1 5 Technologies, Gaithersburg, MD). Resultant first-strand cDNAs are then amplified 
in PCR reactions. 

"Polymerase chain reaction" or "PCR" refers to a procedure or technique in 
which amounts of a preselected fragment of nucleic acid, RNA and/or DNA, are 
amplified as described in U.S. Patent No. 4,683,195. Generally, sequence 

20 information from the ends of the region of interest or beyond is employed to design 
oligonucleotide primers comprising at least 7-8 nucleotides. These primers will be 
identical or similar in sequence to opposite strands of the template to be amplified. 
PCR can be used to amplify specific RNA sequences, specific DNA sequences from 
total genomic DNA, and cDNA transcribed from total cellular RNA, bacteriophage 

25 or plasmid sequences, and the like. See generally Mullis et al., Cold Spring Harbor 
Svmp. Quant. Biol.. 51, 263 (1987); Erlich, ed., PCR Technology, (Stockton Press, 
NY, 1989). Thus, PCR-based cloning approaches rely upon conserved sequences 
deduced from alignments of related gene or polypeptide sequences. 



59 





Primers are made to correspond to highly conserved regions of polypeptides 
or nucleotide sequences which were identified and compared to generate the 
primers, e.g., by a sequence comparison of other eukaryotic chemokines. One 
primer is prepared which is predicted to anneal to the antisense strand, and another 
5 primer prepared which is predicted to anneal to the sense strand, of a DNA molecule 

which encodes a chemokine. 

The products of each PCR reaction are separated via an agarose gel and all 
consistently amplified products are gel-purified and cloned directly into a suitable 
vector, such as a known plasmid vector. The resultant plasmids are subjected to 
10 restriction endonuclease and dideoxy sequencing of double-stranded plasmid DNAs. 
Another approach to identify, isolate and clone cDNAs which encode a 
chemokine is to screen a cDNA library. Screening for DNA fragments that encode 
all or a portion of a cDNA encoding a chemokine can be accomplished by probing 
the library with a probe which has sequences that are highly conserved between 
15 genes believed to be related to the chemokine, e.g., the homolog of a particular 
chemokine from a different species, or by screening of plaques for binding to 
antibodies that specifically recognize the chemokine. DNA fragments that bind to a 
probe having sequences which are related to the chemokine, or which are 
immunoreactive with antibodies to the chemokine, can be subcloned into a suitable 
20 vector and sequenced and/or used as probes to identify other cDNAs encoding all or 

a portion of the chemokine. 

As used herein, the terms "isolated and/or purified" refer to in vitro isolation 
of a DNA or polypeptide molecule from its natural cellular environment, and from 
association with other components of the cell, such as nucleic acid or polypeptide, 
25 so that it can be sequenced, replicated, and/or expressed. For example, "isolated 
chemokine nucleic acid" is RNA or DNA containing greater than 9, preferably 36, 
and more preferably 45 or more, sequential nucleotide bases that encode at least a 
portion of a chemokine, or a variant thereof, or a RNA or DNA complementary 
thereto, that is complementary or hybridizes, respectively, to RNA or DNA 
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encoding the chemokine and remains stably bound under stringent conditions, as 
defined by methods well known in the art, e.g., in Sambrook et al., supra. Thus, the 
RNA or DNA is "isolated" in that it is free from at least one contaminating nuclei 
acid with which it is normally associated in the natural source of the RNA or DNA 
5 and is preferably substantia The 
phrase "free from at least one contaminating source nucleic acid with which it is 
normally associated" includes the case where the nucleic acid is reintroduced into 
the source or natural cell but is in a different chromosomal location or is otherwise 
flanked by nucleic acid sequences not normally found in the source cell. An 
1 0 example of isolated chemokine nucleic acid is RNA or DNA that encodes human 
MCP-1 and shares at least about 80%, preferably at least about 90%, and more 
preferably at least about 95%, sequence identity with the MCP- 1 polypeptide having 
SEQIDNO:16. 

As used herein, the term "recombinant nucleic acid" or "preselected nucleic 
15 acid" eg "recombinant DNA sequence or segment" or "preselected DNA sequence 
or segment" refers toanucleic acid, e. g .,toDNA, that has been derived or isolated 
from any appropriate tissue source, that may be subsequently chemically altered m 
vitro, so that its sequence is not naturally occurring, or corresponds to naturally 
occurring sequences that are not positioned as they would be positioned in a genome 
20 whichhasnotbeentransformedwithexogenousDNA. An example of preselected 
DNA "derived" from a source, would be a DNA sequence that is identified as a 
useful fragment within a given organism, and which is then chemically synthesized 
in essentially pure form. An example of such DNA "isolated" from a source would 
be a useful DNA sequence that is excised or removed from said source by chermcal 
25 means e g., by the use of restriction endonucleases, so that it can be further 

manipulated, e.g., amplified, for use in the invention, by the methodology of genefcc 

engineering. , . 

Thus, recovery or isolation of a given fragment of DNA from a restncuon 
digest can employ separation of the digest on polyacrylamide or agarose gel by 
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electrophoresis, identification of the fragment of interest by comparison of its 
mobility versus that of marker DNA fragments of known molecular weight, removal 
of the gel section containing the desired fragment, and separation of the gel from 
DNA. See Lawn et al., Nucleic Acids Res. . 2, 6103 (1981), and Goeddel et al., 
5 Nucleic Acids Res. . 8, 4057 (1980). Therefore, "preselected DNA" includes 
completely synthetic DNA sequences, semi-synthetic DNA sequences, DNA 
sequences isolated from biological sources, and DNA sequences derived from RNA, 
as well as mixtures thereof 

As used herein, the term "derived" with respect to a RNA molecule means 
10 that the RNA molecule has complementary sequence identity to a particular DNA 
molecule. 

3. Variants of the Nucleic Acid Molecules of the Invention 

Nucleic acid molecules encoding amino acid sequence variants of a 
chemokine peptide are prepared by a variety of methods known in the art. These 
15 methods include, but are not limited to, isolation from a natural source (in the case 
of naturally occurring amino acid sequence variants) or preparation by 
oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis, and 
cassette mutagenesis of an earlier prepared variant or a non- variant version of the 
chemokine peptide. 

20 Oligonucleotide-mediated mutagenesis is a preferred method for preparing 

amino acid substitution variants of a chemokine peptide. This technique is well 
known in the art as described by Adelman et al, DNA . 2, 1 83 (1983). Briefly, 
chemokine DNA is altered by hybridizing an oligonucleotide encoding the desired 
mutation to a DNA template, where the template is the single-stranded form of a 

25 plasmid or bacteriophage containing the unaltered or native DNA sequence of the 
chemokine. After hybridization, a DNA polymerase is used to synthesize an entire 
second complementary strand of the template that will thus incorporate the 
oligonucleotide primer, and will code for the selected alteration in the chemokine 
DNA. 
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Generally, oligonucleotides of at least 25 nucleotides in length are used. An 
optimal oligonucleotide will have 12 to 15 nucleotides that are completely 
complementary to the template on either side of the nucleotide(s) coding for the 
mutation. This ensures that the oligonucleotide will hybridize properly to the single- 
5 stranded DNA template molecule. The oligonucleotides are readily synthesized 
using techniques known in the art such as that described by Crea et al., Proc. Natl. 
Acad. Sci. U.S.A. . 75, 5765 (1978). 

The DNA template can be generated by those vectors that are either derived 
from bacteriophage M13 vectors (the commercially available M13mpl8 and 
10 M 1 3mp 1 9 vectors are suitable), or those vectors that contain a single-stranded phage 
origin of replication as described by Viera et al., Meth. Enzymol., 153, 3 (1987). 
Thus, the DNA that is to be mutated may be inserted into one of these vectors to 
generate single-stranded template. Production of the single-stranded template is 
described in Sections 4.21-4.41 of Sambrook et al, Molecular Cloning: A 
1 5 T ahoratorv Manual (Cold Spring Harbor Laboratory Press, N.Y. 1989). 

Alternatively, single-stranded DNA template may be generated by denaturing 
double-stranded plasmid (or other) DNA using standard techniques. 

For alteration of the native DNA sequence (to generate amino acid sequence 
variants, for example), the oligonucleotide is hybridized to the single-stranded 
20 template under suitable hybridization conditions. A DNA polymerizing enzyme, 
usually the Klenow fragment of DNA polymerase I, is then added to synthesize the 
complementary strand of the template using the oligonucleotide as a primer for 
synthesis. A heteroduplex molecule is thus formed such that one strand of DNA 
encodes the mutated form of the chemokine, and the other strand (the original 
25 template) encodes the native, unaltered sequence of the chemokine. This 
heteroduplex molecule is then transformed into a suitable host cell, usually a 
prokaryote such as E. coli JM101. After the cells are grown, they are plated onto 
agarose plates and screened using the oligonucleotide primer radiolabeled with 32- 
phosphate to identify the bacterial colonies that contain the mutated DNA. The 
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mutated region is then removed and placed in an appropriate vector for peptide or 
polypeptide production, generally an expression vector of the type typically 
employed for transformation of an appropriate host. 

The method described immediately above may be modified such that a 
5 homoduplex molecule is created wherein both strands of the plasmid contain the 
mutations(s). The modifications are as follows: The single-stranded 
oligonucleotide is annealed to the single-stranded template as described above. A 
mixture of three deoxyribonucleotides, deoxyriboadenosine (dATP), 
deoxyriboguanosine (dGTP), and deoxyribothymidine (dTTP), is combined with a 

1 0 modified thiodeoxyribocytosine called dCTP-(aS) (which can be obtained from the 
Amersham Corporation). This mixture is added to the template-oligonucleotide 
complex. Upon addition of DNA polymerase to this mixture, a strand of DNA 
identical to the template except for the mutated bases is generated. In addition, this 
new strand of DNA will contain dCTP-(aS) instead of dCTP, which serves to 

1 5 protect it from restriction endonuclease digestion. 

After the template strand of the double-stranded heteroduplex is nicked with 
an appropriate restriction enzyme, the template strand can be digested with Exoin 
nuclease or another appropriate nuclease past the region that contains the site(s) to 
be mutagenized. The reaction is then stopped to leave a molecule that is only 

20 partially single-stranded. A complete double-stranded DNA homoduplex is then 
formed using DNA polymerase in the presence of all four deoxyribonucleotide 
triphosphates, ATP, and DNA iigase. This homoduplex molecule can then be 
transformed into a suitable host cell such as E. coli JM101. 

For example, a preferred embodiment of the invention is an isolated and 

25 purified DNA molecule comprising a preselected DNA segment encoding peptide 3 
(1-12)[MCP-1] having SEQ ID NO:l, wherein the DNA segment comprises SEQ ID 
NO:76, or variants of SEQ ID NO:76, having nucleotide substitutions which are 
"silent" (see Figure 12). That is, when silent nucleotide substitutions are present in 
a codon, the same amino acid is encoded by the codon with the nucleotide 
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NO - 7 9 a. .he ten* codon in the mature polypeptide (GTE » SEQ ID N0.79 

^l- h «»H«««-----•«* ^(, ■ ,w ^: ,Ilw,, 

SEQENO^beascertataedbyrefereneetoFigure^andpageDHn 

Nucleotide substttutions can be introduced into DN A segments by 
toowntofteart. See, for exampie, Sambrook e, a,., » P ™. L*ew,se, nucle,c actd 

portion of, for example, MCP-2 (SEQ ID NO:80), MCP-3 W*™/*™ 
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1309 (SEQ ID NO^HCC-l (SEQ B NO»J. - ~™ 

CTAPA, MAROFYK, p.mrombl.globu.in, GCP-2, PBP, HC.4, MDC, TECK, 
,0 PARC,6C.dne,Frac ttl ine,DC-CK.,LIX,TARC,I A RC,MIG,Ckp 8 , 

CC F1 S^-2,CCn.,CK (I 2,H.30 5 ,Dvic-l,DGWCC,TCA4,dendro ta ne, 

2LcC,,CC3,andMIPl,aswe 11 a S v i raU y enc„dedc h em„ K ine S sucba,vM^ 

rvI-naldvM^m.orUtecomp.ernentu.ereto.maybemodif.edsoastoy.e 

25 ^dnue.eicaeidmo^bavingnuc.eotidesubsUmnons^tresuifnam.no 
acid substitutions (see peptide variants hereinbelow). 

C In ™ vn studies *-^ rt f 
^determine whether a particuiar age., is usefu. in fte prance of 

ta mefcods of the invention, an animal mode, is identified for a human dtsease. 
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Transgenic animal models for human disease may also be employed to identify 
agents useful in the methods of the invention. For example, models of chemokine- 
induced macrophage recruitment associated with human atherosclerosis include, but 
are not limited to, mice with a homozygous deletion of the apolipoprotein E (apoE) 
5 gene, mice overexpressing human apoB and Watanabe heritable hyperlipidemic 
rabbits. Models for autoimmune disease include the collagen-induced arthritis in 
DBA/1 mice and myelin basic protein-induced experimental autoimmune 
encephalomyelitis. Models for osteoporosis include ovariectomized female rats, 
mice, monkeys, rats treated with heparin or with glucocorticoids as well as 
10 suspension-induced osteoporosis in rats. Models for HIV infection include infection 
of monkeys with SIV, SW isolates, HIV or HIV isolates, SCID-Hu mice with HIV 
or HIV isolates, or rabbits with HIV or HIV isolates. Other animal models for 
lentiviral infection include cats infected with FIV, horses with EIAV, and goats 
infected with CAEV (which is also an animal model for arthritis). 
15 The efficacy of an agent of the invention may be assessed by measuring the 

extent of inflammation, or the extent of macrophage infiltration of affected tissues. 
Macrophage infiltration can be detected by staining tissue sections with antibodies 
which specifically detect macrophages (e.g., mac-1 antiserum). Inflammation or 
other symptoms of disease may be detected by measuring appropriate clinical 
20 parameters, using techniques which are well known to those skilled in the art. For 
example, apoE knockout mice are treated with an agent, such as 
CRD-leu 4 ile IlP eptide 3, e.g., by intraperitoneal injection, for a period of twelve 
weeks, while control litter mates receive a suitable control peptide with no known 
biological activity. At the end of twelve weeks, the animals are sacrificed and the 
25 effect of the agent is assessed by measuring the reduction in macrophage recruitment 
into the vessel wall by quantitative immunohistochemistry using mac-1 antiserum, 
and by measuring the reduction in the extent of vascular lipid lesion formation by 
histochemistry using oil red O staining in accordance with Paigen, Arteriosclerosis , 
10,316(1990). 
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Apo(a) transgenic mice develop lesions when fed a lipid-rich diet. These 
lesions do not contain any macrophages. In contrast, C57B16 inbred mice develop 
lipid lesions of similar size and severity to those in apo(a) transgenic mice, but these 
lesions are rich in infiltrating macrophage. Lesions of apo(a) mice, C57B16 mice, 
5 and 6 other strains of mice which develop lipid lesions rich with macrophage, were 
screened by quantitative immunofluorescence for levels of pro-inflammatory 
mediators, e.g., TNF-cc, MCP-1, MlP-la, ILlp\ ICAM-1, VCAM-1, and P-selectin. 
TNF-a, Mff-la, IL10, ICAM-1, VCAM-1 and P-selectin were all expressed at 
identical levels in the apo(a) mouse lesions and the C57B16 lesions. Thus, while 
10 these pro-inflammatory mediators may be necessary to infiltration, they are not 

sufficient alone. In marked contrast, MCP-1 was completely absent from the lesions 
of apo(a) mice, but expressed at high levels in lesions from all other mouse lines 
which had macrophage-rich lesions. 

Confocal microscopic analysis of sections of blood vessel wall with lesions 
15 triple stained with antibodies specific for SM-a-actin (smooth muscle cells; IA4 
antibody), macrophages (Mac-1 antibodies) and MCP-1, showed that MCP-1 is not 
exclusively expressed by macrophage. That is, both smooth muscle cells and 
macrophages expressed MCP-1 . Thus, MCP-1 may be the missing "inflammatory 
mediator" in the apo(a) mouse model of atherosclerosis. These results suggest that 
20 the lack of MCP-1 in apo(a) mice lesions may not be a consequence of the absence 
of macrophages, but instead contribute to the cause of lack of monocyte infiltration. 
Moreover, these results provide evidence that the chemokine MCP-1 plays a role in 
atherosclerotic vascular inflammation. Thus, MCP-1 can provide the basis for 
analogs which block the recruitment activity of this chemokine. 
25 Chemokines other than MCP-1 may also be involved in macrophage 

recruitment, inflammation and pathogenesis of atherosclerosis, and in other diseases 
associated with inappropriate proliferation. For example, MlPla has been 
implicated in the inappropriate inflammation in multiple sclerosis. Thus, sequences 
analogous to peptide 2 and 3 from MIPlcc may be particularly useful to treat or 
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prevent multiple sclerosis. Therefore, when a particular chemokine is implicated in 
a particular disease, sequences from that particular chemokine may be especially 
useful to treat or prevent that disease. Preferred agents falling within the scope of 
the invention are inhibitors of signaling of more than one chemokine, and preferably 
5 ofallchemokines. Thus, it may be preferable to prepare chemokine peptide analogs 
having sequences from a chemokine other than the one(s) associated with a 
particular disease process. Selection of a particular agent to treat a particular disease 
may be based on bioavailability, toxicity, DARC binding or other similar criteria. 
Other models include, but are not limited to those reported by Lukacs (Adv. 
10 ImrmmoL pp. 257-304, Academic Press (1996)), for lung injury; Lloyd et al. (L 
I^ukaBioL, 185, 1371 (1997)) and Tarn et al. OHdJnL 42, 715 (1996)), for 
nephritis; Volejnikova (AjrU^athoL 150, 171 1 (1997), for bone; Ghinikar et al. 
n N^msci. Res.. 4JL 727 (1996)) and Ransoholf et al. (JJ^ukoBioL, 62, 645 
(1997)), for brain; Kaul et al. (Am T Trop Med, Hyg„ 5L 240 (1995)), for malaria; 
15 Ajeubar et al. ( T T^ko.Biol.. 63, 108 (1998)), for peritonitis; Furukawa et al. 

(Lupus, 6, 193 (1997)), for systemic lupus; Suzuki et al. (T Heart * T,un P Transpl. , 
16, 1 141 (1967)), Abbott et al. (Arch^urg,, 82. 645 (1964)), Corry et al. (ImnspL, 
16, 343 (1973)), Dworkin et al. (T Heart UmyTianspL, 10, 591 (1991)), Laden et 
al^ArclkPattL, 21, 240 (1972)) and Mitchell et al. (ImnspL, 42, 835 (1990)), for 
20 transplants; U.S. Patent No. 5,661,132 for wound healing; Burhardt et al. (Rheum, 
tot, 17, 91 (1997)) for autoimmunity, Elson et al. (Gastroenter., 102, 1344 (1998)) 
for inflammatory bowel disease; Hayes et al. (ft itrrjo Thromh Vasp r Biol, 18, 397 
(1998)) and Wang et al. (A,tmn. Thromb.. 11, 1 166 (1991)), for cardiovascular 
disease; Wegner et al. (Sdencg, 241, 456 (1990) for eosinophilic infiltration into the 

25 Hire D ^ T*™* » n « Rel - Res " m 42 (1991))> W °° ley ^'^ ° Pl I**"*' 1 
407 (1991)) and Gay et al. (Curr, Op, ^m„ 2, 199 (1995), SCID-human synovial 

implant model)) for rheumatoid arthritis); Beamer et al. (Blood, M, 3220 (1998)), 

Nakaguma rtnt T Fxn. Path.. 26, 65 (1998)), Nanney et al. (T Invest, Dermat, , 1M, 

1 169 (1996)), Nickoff et al. (AJE, 1M, 580 (1995)), Sundberg et al. (EatilQbioL 65, 
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271 (1997)), and Wolf et al. "nt J. Dermal. . 30, 448 (1998)) for psoriasis; and Conti 
et al. (Blood, 89, 4120 (1997)), Gonzalo et al. (JCI, 28, 2332 (1996)), Teiyeira et al. 
(ia m 1657 (1997)), Ceri et al. (Atay., 52, 739 (1997)), Freed (Eur. Res. J. , 8, 
1770 (1998)), Griffiths-Johnson et al. fMeth. Enzv.. 288, 241 (1991)), Herz et al. 
5 nsigw Horizons in Allerpv Tmmunoth. . 25-32 Plenum Press, 1996) and Kane (Eul 
Resp. J.. 2, 555 (1991)) for allergy. 

n Preparation of Agents Falling Wi thin the Scope of the Invention 

A Nucleic acid molecules 

1 Chimeric Expre ssion Cassettes 

1 0 To prepare expression cassettes for transformation herein, the recombinant 

or preselected DNA sequence or segment may be circular or linear, double-stranded 
or single-stranded. A preselected DNA sequence which encodes an RNA sequence 
that is substantially complementary to a mRNA sequence encoding a chemokine is 
typically a "sense" DNA sequence cloned into a cassette in the opposite orientation 

1 5 (i.e., 3 ' to 5 ' rather than 5 ' to 3 ')• Generally, the preselected DNA sequence or 
segment is in the form of chimeric DNA, such as plasmid DNA, that can also 
contain coding regions flanked by control sequences which promote the expression 
of the preselected DNA present in the resultant cell line. 

As used herein, "chimeric" means that a vector comprises DNA from at least 

20 two different species, or comprises DNA from the same species, which is linked or 
associated in a manner which does not occur in the "native" or wild type of the 
species. 

Aside from preselected DNA sequences that serve as transcription units for a 
chemokine, or portions thereof, a portion of the preselected DNA may be 
25 untranscribed, serving a regulatory or a structural function. For example, the 

preselected DNA may itself comprise a promoter that is active in mammalian cells, 
or may utilize a promoter already present in the genome that is the transformation 
target. Such promoters include the CMV promoter, as well as the SV40 late 
promoter and retroviral LTRs (long terminal repeat elements), although many other 
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promoter elements well known to the art may be employed in the practice of the 
invention. 

Other elements functional in the host cells, such as introns, enhancers, 
polyadenylation sequences and the like, may also be a part of the preselected DNA. 
5 Such elements may or may not be necessary for the function of the DNA, but may 
provide improved expression of the DNA by affecting transcription, stability of the 
mRNA, or the like. Such elements may be included in the DNA as desired to obtain 
the optimal performance of the transforming DNA in the cell. 

"Control sequences" is defined to mean DNA sequences necessary for the 
10 expressionofanoperablylir^edcodingsequencemaparticularhostorganism. The 

control sequences that are suitable for prokaryotic cells, for example, include a 
promoter, and optionally an operator sequence, and a ribosome binding site. 
Eukaryotic cells are known to utilize promoters, polyadenylation signals, and 

enhancers. 

15 "Operably linked" is defined to mean that the nucleic acids are placed in a 

functional relationship with another nucleic acid sequence. For example, DNA for a 
presequence or secretory leader is operably linked to DNA for a peptide or 
polypeptide if it is expressed as a preprotein that participates in the secretion of the 
peptide or polypeptide; a promoter or enhancer is operably linked to a coding 
20 sequence if it affects the transcription of the sequence; or a ribosome binding site is 
operably linked to a coding sequence if it is positioned so as to facilitate translation. 
Generally, "operably linked" means that the DNA sequences being linked are 
contiguous and, in the case of a secretory leader, contiguous and in reading phase. 
However, enhancers do not have to be contiguous. Linking is accomplished by 
25 ligation at convenient restriction sites. If such sites do not exist, the synthetic 
oligonucleotide adaptors or linkers are used in accord with conventional practice. 

The preselected DNA to be introduced into the cells further will generally 
contain either a selectable marker gene or a reporter gene or both to facilitate 
identification and selection of transformed cells from the population of cells sought 
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to be transformed. Alternatively, the selectable marker may be carried on a separate 
piece of DNA and used in a co-transformation procedure. Both selectable markers 
and reporter genes may be flanked with appropriate regulatory sequences to enable 
expression in the host cells. Useful selectable markers are well known in the art and 
5 include, for example, antibiotic and herbicide-resistance genes, such as neo, hpt, 
dhfr, bar, aroA, dapA and the like. See also, the genes listed on Table 1 of 
Lundquist et al. (U.S. Patent No. 5,848,956). 

Reporter genes are used for identifying potentially transformed cells and for 
evaluating the functionality of regulatory sequences. Reporter genes which encode 
10 for easily assayable proteins are well known in the art. In general, a reporter gene is 
a gene which is not present in or expressed by the recipient organism or tissue and 
which encodes a protein whose expression is manifested by some easily detectable 
property, e.g., enzymatic activity. Preferred genes include the chloramphenicol 
acetyl transferase gene (cat) from Tn9 of E coli, the beta-glucuronidase gene (gus) 
15 of the uidA locus of E coli, and the luciferase gene from firefly Photinus pyralis. 
Expression of the reporter gene is assayed at a suitable time after the DNA has been 
introduced into the recipient cells. 

The general methods for constructing recombinant DNA which can 
transform target cells are well known to those skilled in the art, and the same 
20 compositions and methods of construction maybe utilized to produce the DNA 
useful herein. For example, J. Sambrook et al., Molecular Cloninr A laboratory 
Manual. Cold Spring Harbor Laboratory Press (2d ed., 1989), provides suitable 
methods of construction. 
9 Transformatio n into Host Cells 
25 The recombinant DNA can be readily introduced into the host cells, e.g., 

mammalian, bacterial, yeast or insect cells by transfection with an expression vector 
comprising DNA encoding a chemokine or its complement, by any procedure useful 
for the introduction into a particular cell, e.g., physical or biological methods, to 
yield a transformed cell having the recombinant DNA stably integrated into its 
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genome, so that the DNA molecules, sequences, or segments, of the present 
invention are expressed by the host cell. 

Physical methods to introduce a preselected DNA into a host cell include 
calcium phosphate precipitation, Infection, particle bombardment, microinjection, 
5 electroporation, and the .ike. Biological methods to introduce the DNA of interest 
into a host cel. include the use of DNA and RNA viral vector. The main advantage 
of physical methods is that they are no. associated with pathological or oncogemc 
processes of viruses. However, they are less precise, often resulting in multiple 
copy insertions, random integration, disruption of foreign and endogenous gene 
10 sequences, and unpredictable expression. For mammalian gene therapy, rt is 

desirable to use an efficient means of precisely inserting a single copy gene mto the 
host genome. Viral vectors, and especially retrovira. vectors, have become the most 
widely used method for inserting genes into mammalian, e.g., human cells. Other 
viral vectors can be derived torn poxviruses, herpes simplex virus I, adenovtruses 
15 and adeno-associated viruses, and the like. 

As used herein, the term "cell line" or "host cell" is intended to refer to well- 
eharacterized homogenous, biologically pure populations of celU. These cells may 
be eutaryotic cells that are neoplastic or which have been "immortalized" * v*ro by 
methods known in the art, as well as primary cells, or prokaryotic cell, The cell hne 
20 or host cell is preferably of mammalian origin, but cell lines or host cells of non- 
mammalian origin may be employed, including plant, insect, yeast, fungal or 
bacterial sources. Generally, the preselected DNA sequence is related to a DNA 
sequence which is resident in me genome of the host cell bu, is no. expressed, or no. 
highly expressed, or, alternatively, overexpressed. 
25 "Transfected" or Wormed" is used herein to include any host cell or cell 

line the genome of which has been altered or augmented by the presence of at leas, 
one preselected DNA sequence, which DNA is also referred ,o in me art of genetic 
engineering as "heterologous DNA," "recombinant DNA," "exogenous DNA," 
"genetically engineered," »non-„a,ive,» or "foreign DNA," wherein said DNA was 
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isolated and introduced into the genome of the host cell or cell line by the process of 
genetic engineering. The host cells of the present invention are typically produced 
by transfection with a DNA sequence in a plasmid expression vector, a viral 
expression vector, or as an isolated linear DNA sequence. Preferably, the 
5 transfected DNA is a chromosomally integrated recombinant DNA sequence, which 
comprises a gene encoding the chemokine or its complement, which host cell may or 
may not express significant levels of autologous or "native" chemokine. 

To confirm the presence of the preselected DNA sequence in the host cell, a 
variety of assays may be performed. Such assays include, for example, "molecular 
10 biological" assays well known to those of skill in the art, such as Southern and 
Northern blotting, RT-PCR and PCR; "biochemical" assays, such as detecting the 
presence or absence of a particular chemokine, e.g., by immunological means 
(ELIS As and Western blots) or by assays described hereinabove to identify agents 
falling within the scope of the invention. 
1 5 To detect and quantitate RNA produced from introduced preselected DNA 

segments, RT-PCR may be employed. In this application of PCR, it is first 
necessary to reverse transcribe RNA into DNA, using enzymes such as reverse 
transcriptase, and then through the use of conventional PCR techniques amplify the 
DNA. In most instances PCR techniques, while useful, will not demonstrate 
20 integrity of the RNA product. Further information about the nature of the RNA 
product may be obtained by Northern blotting. This technique demonstrates the 
presence of an RNA species and gives information about the integrity of that RNA. 
The presence or absence of an RNA species can also be determined using dot or slot 
blot Northern hybridizations. These techniques are modifications of Northern 
25 blotting and only demonstrate the presence or absence of an RNA species. 

While Southern blotting and PCR may be used to detect the preselected 
DNA segment in question, they do not provide information as to whether the 
preselected DNA segment is being expressed. Expression may be evaluated by 
specifically identifying the peptide products of the introduced preselected DNA 
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sequences or evaluating the phenotypic changes brought about by the expression of 
the introduced preselected DNA segment in the host cell. 
R Pep tides, peptide variants, a nd derivatives thereof 

The present isolated, purified chemokine peptides, peptide variants or 
5 derivatives thereof, can be synthesized in vitro, e.g., by the solid phase peptide 
synthetic method or by recombinant DNA approaches (see above). The solid phase 
peptide synthetic method is an established and widely used method, which is 
described in the following references: Stewart et al., Solid Phase Peptide Synthesis, 
W. H. Freeman Co., San Francisco (1969); Merrifield, I Am. Chem. Soc, 85. 2149 
10 (1963); Meienhofer in "Hormonal Proteins and Peptides," ed.; C.H. Li, Vol. 2 

(Academic Press, 1973), pp. 48-267; Bavaay and Merrifield, "The Peptides," eds. E. 
Gross and F. Meienhofer, Vol. 2 (Academic Press, 1980) pp. 3-285; and Clark- 
Lewis et al., Meth Fnzvmol.. 287, 233 (1997). These peptides can be further 
purified by fractionation on immunoaffinity or ion-exchange columns; ethanol 
1 5 precipitation; reverse phase HPLC; chromatography on silica or on an anion- 

exchange resin such as DEAE; chromatofocusing; SDS-PAGE; ammonium sulfate 
precipitation; gel filtration using, for example, Sephadex G-75; or ligand affinity 
chromatography. 

Once isolated and characterized, derivatives, e.g., chemically derived 
20 derivatives, of a given chemokine peptide can be readily prepared. For example, 
amides of the chemokine peptide or chemokine peptide variants of the present 
invention may also be prepared by techniques well known in the art for converting a 
carboxylic acid group or precursor, to an amide. A preferred method for amide 
formation at the C-terminal carboxyl group is to cleave the peptide from a solid 
25 support with an appropriate amine, or to cleave in the presence of an alcohol, 
yielding an ester, followed by aminolysis with the desired amine. 

Salts of carboxyl groups of a peptide or peptide variant of the invention may 
be prepared in the usual manner by contacting the peptide with one or more 
equivalents of a desired base such as, for example, a metallic hydroxide base, e.g., 
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sodium hydroxide; a metal carbonate or bicarbonate base such as, for example, 
sodium carbonate or sodium bicarbonate; or an amine base such as, for example, 
triethylamine, triethanolamine, and the like. 

N-acyi derivatives of an amino group of the chemokine peptide or peptide 

5 variants may be prepared by utilizing an N-acyl protected amino acid for the final 
condensation, or by acylating a protected or unprotected peptide. O-acyl derivatives 
may be prepared, for example, by acylation of a free hydroxy peptide or peptide 
resin. Either acylation may be carried out using standard acylating reagents such as 
acyl halides, anhydrides, acyl imidazoles, and the like. Both N- and O-acylation 

1 0 may be carried out together, if desired. 

Formyl-methionine, pyroglutamine and trimethyl-alanine may be substituted 
at the N-terminal residue of the peptide or peptide variant. Other amino-terminal 
modifications include aminooxypentane modifications (see Simmons et al, Science, 
276 . 276(1997)). 

1 5 In addition, the amino acid sequence of a chemokine peptide can be modified 

so as to result in a chemokine peptide variant. The modification includes the 
substitution of at least one amino acid residue in the peptide for another amino acid 
residue, including substitutions which utilize the D rather than L form, as well as 
other well known amino acid analogs, e.g., unnatural amino acids such as a, a- 

20 disubstituted amino acids, N-alkyl amino acids, lactic acid, and the like. These 

analogs include phosphoserine, phosphothreonine, phosphotyrosine, hydroxyproline, 
gamma-carboxyglutamate; hippuric acid, octahydroindole-2-carboxylic acid, statine, 
l,2,3,4,-tetrahydroisoquinoline-3-carboxylic acid, penicillamine, ornithine, citruline, 
a-methyl-alanine, para-benzoyl-phenylalanine, phenylglycine, propargylglycine, 

25 sarcosine, e-N,N,N-trimethyllysine, e-N-acetyllysine, N-acetylserine, N~ 

formylmethionine, 3-methylhistidine, 5-hydroxylysine, (o-N-methylarginine, and 
other similar amino acids and imino acids and tert-butylglycine. 

One or more of the residues of the peptide can be altered, so long as the 
peptide variant is biologically active. For example, for peptide 3[MCP-1] variants, 
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e.g., Ser 7 peptide 3(1-12)[MCP-1^ it is preferred that the variant has at least about 
10% of the biological activity of the corresponding non-variant peptide, e.g., a 
peptide having SEQ ID NO: 1 . Conservative amino acid substitutions are preferred-- 
that is, for example, aspartic-glutamic as acidic amino acids; 
5 lysine/arginine/histidine as basic amino acids; leucine/isoleucine, methionine/valine, 
alanine/valine as hydrophobic amino acids; serine/glycine/alanine/threonine as 
hydrophilic amino acids. Conservative amino acid substitution also includes 
groupings based on side chains. For example, a group of amino acids having 
aliphatic side chains is glycine, alanine, valine, leucine, and isoleucine; a group of 
10 amino acids having aliphatic-hydroxyl side chains is serine and threonine; a group of 
amino acids having amide-containing side chains is asparagine and glutamine; a 
group of amino acids having aromatic side chains is phenylalanine, tyrosine, and 
tryptophan; a group of amino acids having basic side chains is lysine, arginine, and 
histidine; and a group of amino acids having sulfur-containing side chains is 
1 5 cysteine and methionine. For example, it is reasonable to expect that replacement of 
a leucine with an isoleucine or valine, an aspartate with a glutamate, a threonine 
with a serine, or a similar replacement of an amino acid with a structurally related 
amino acid will not have a major effect on the properties of the resulting variant 
polypeptide. Whether an amino acid change results in a functional peptide can 
20 readily be determined by assaying the specific activity of the peptide variant. Assays 
are described in detail herein. 

Conservative substitutions are shown in Figure 13 under the heading of 
exemplary substitutions. More preferred substitutions are under the heading of 
preferred substitutions. After the substitutions are introduced, the variants are 
25 screened for biological activity. 

Amino acid substitutions falling within the scope of the invention, are, in 
general, accomplished by selecting substitutions that do not differ significantly in 
their effect on maintaining (a) the structure of the peptide backbone in the area of 
the substitution, (b) the charge or hydrophobicity of the molecule at the target site, 
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or (c) the bulk of the side chain. Naturally occurring residues are divided into 
groups based on common side-chain properties: 

(1) hydrophobic: norleucine, met, ala, val, leu, ile; 

(2) neutral hydrophilic: cys, ser,thr; 



10 substitutions. Non-conservative substitutions entail exchanging a member of one of 
the classes described above for another. 

Acid addition salts of the peptide or variant peptide or of amino residues of 
the peptide or variant peptide may be prepared by contacting the peptide or amine 
with one or more equivalents of the desired inorganic or organic acid, such as, for 

1 5 example, hydrochloric acid. Esters of carboxyl groups of the peptides may also be 
prepared by any of the usual methods known in the art. 

Moreover, it is also envisioned that the agents of the invention, e.g., 
chemokine peptides, are modified in a manner that increases their stability in vivo, 
e.g., their half-life or bioavailability. These modified agents are termed 

20 "derivatives." Methods to prepare such derivatives are well known to the art. One 
method to stabilize peptides is to prepare derivatives which are cyclized peptides 
(see EPA 471,453 (amide bonds), such as that between lysine and aspartic acid side 
chains; EPA 467,701 (disulfide bonds); EPA 467,699 (thioether bonds). Other 
modifications which may increase in vivo stability are disclosed in Jameson et al. 

25 mature. 368. 744 (1994)); U.S. Patent No. 4,992,463; U.S. Patent No. 5,596,078 
and U.S. Patent No. 5,091,396. A preferred embodiment of the invention is a 
chemokine peptide or variant that has been cyclized by addition of one or more 
cysteine residues to the N and/or C terminus of the peptide, as well as peptides 
which are constructed of the reverse sequence (i.e., reading C-terminal to N- 
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(3) acidic: asp, glu; 

(4) basic: asn, gin, his, lys, arg; 

(5) residues that influence chain orientation: gly, pro; and 

(6) aromatic; trp, tyr, phe. 

The invention also envisions peptide variants with non-conservative 
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terminal) of D-form amino acids. A more preferred embodiment of this invention is 
a peptide which is both cyclized and constructed with the reverse sequence of 
D-form amino acids, i.e., a CRD derivative. 
C. r.hemokine analogs 
5 Chemokine analogs have properties analogous to those of the corresponding 

peptide. These analogs can be referred to as "peptide mimetics" or 
"peptidomimetics" (Fauchere, J. (1986) Adv. Dm Res.. 1^:29; Veber and Freidinger 
(1985) TINS p. 392; and Evans et al. (1987) T. Med. Chem . 30:1229, which are 
incorporated herein by reference) and can be developed with the aid of computerized 
1 0 molecular modeling. These analogs include structures having one or more peptide 
linkages optionally replaced by a linkage selected from the group consisting of: 
-Ch 2 NH-, -CH 2 S-, -CH 2 -CH 2 -, -CH=CH-(cis and trans), -CH=CF-(trans), 
-CoCH 2 -, -CH(OH)CH 2 _ and -CH 2 SO-, by methods known in the art and further 
described in the following references: Spatola, A. F. in "Chemistry and 
1 5 Biochemistry of Amino Acids, Peptides, and Proteins," B. Weinstein, eds. Marcel 
Dekker, New York, P. 267 (1983); Spatola, A. F., Vega Data (March 1983), Vol. 1, 
Issue 3, "Peptide Backbone Modifications" (general review); Morley, J. S., Trends 
Pharm. Sci. (1980) pp. 463-468 (general review); Hudson, D. et al., Int. J. Pept. 
Prot. Res. (1979) 14:177-185 (-CH 2 NH-, CH 2 CH 2 -); Spatola, A. F. et al., Life Sci. 
20 (1986) 38:1243-1249 (-CH 2 -S); Harm, M. M., J. Chem. Soc. Perkin Trans I (1982) 
307-314 (-CH-CH-, cis and trans); Almquist, R. G. et al., J, Med- Chem, (1980) 
23:1392-1398 (-COCH 2 -); Jennings-White, C. et al., Tetrahedron Lett. (1982) 
23:2533 (-COCH 2 -); Szelke, M. et al. European Appln. EP 45665 (1982) CA; 
27:39405 (1982) (-CH(OH)CH 2 -); Holladay, M. W. et al., Tetrahedron Lett. (1983) 
25 24:4401-4404 (-C(OH)CH 2 -); and Hruby, V. J., Life Sci. (1982) 21: 189-199 
(-CH 2 S-); each of which is incorporated herein by reference. A particularly 
preferred non-peptide linkage is -CH 2 NH- . Such analogs may have greater 
chemical stability, enhanced pharmacological properties (half-life, absorption, 
potency, efficacy, etc.), altered specificity (e.g., a broad-spectrum of biological 
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activities), reduced antigenicity, and be economically prepared. Labeling of analogs 
usually involves covalent attachment of one or more labels, directly or through a 
spacer (e.g., an amide group), to non-interfering positions(s) on the analog that are 
predicted by quantitative structure-activity data and/or molecular modeling. Such 
5 non-interfering positions generally are positions that do not form direct contacts 
with the macromolecule(s) to which the analog binds to produce the therapeutic 
effect. Systematic substitution of one or more amino acids of a consensus sequence 
with a D-amino acid of the same type (e.g., D-lysine in place of L-lysine) may also 
be used to generate more stable peptides. 
10 1 Tsnsteres of rhemnkine trip les ( a compound of formula f IV)) 

A compound of formula (TV), wherein Z=CH 3 ; R=indolyl; Y=0; and 
X=CH 3 , can be prepared from N-tBOC-NinBOC-L-tryptophan-OH and 
cyclohexenone. For example, 2-cyclohexen-l-one (Aldrich C10,281-4) can be 
reacted with lithium dimethylcuprate in the presence of trimethylsilyl chloride 
15 (Aldrich 38,652-9) (Reaction 1) to trap the enolate intermediate. Lithium 
dimethylcuprate is prepared from methyllithium and a copper (I) salt in a 2:1 
stoichiometry, prior to use in the reaction, by methods well known to those skilled in 
the art (e.g., House et al., T On*. Chem.. 40, 1460 (1975)). The addition of a-P 
unsaturated ketones by organocuprates is described, for example, in House et al., L 
20 Org. Chem.. H, 3128 (1966). Similarly, capture of the enolate by trimethyl silyl 
chloride is described in House et al., J. Org. Chem., 3JL 2361 (1971). The trapped 
enolate is then resolved to the a-iododerivative, for example, by addition of 
molecular iodine in the presence of acetoxy-silver and tetrabutylammonium fluoride, 
according to the method of Rubottom (J, Org, Cfrern M 44, 1731 (1979)) to give the 
25 trans-disubstituted cyclohexanone of formula (VI),. 

Me 2 CuLi r ^f^1 '*AgAcO r 
(Me) 3 SiCl B114NV V>f (VI) 

OSKMeb O 
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Conversion of the iodide of formula (VI), to a secondary alcohol, and 
formation of an ester, for example, with acetic anhydride yields a compound of 
formula (Vllb). 

^ Ac 2 O r 

Ac0 (vnb) 



A compound of formula (Vllb) can alternatively be prepared by conversion 
of the above trimethylsilyl ether enolate to the cc-hydroxy ketone followed by 
formation of the ester, using procedures which are well known in the art. 

A compound of formula (Vllb) can be alkylated, for example, with vinyl 
magnesium bromide under standard conditions, and dehydrated (for example, in the 
presence of molecular iodine and heat) to yield a diene of formula (Vffl): 
<^MgBr ^V^^l I 2 ;Hea^ 

AcO' 

O 



AcO 





AcO 




(VIII) 



10 



Diels-Alder reaction between the diene of formula (WI) and ethyl acrylate 
(Aldrich E970-6) gives a stereospecific and regiospecific product of formula DC. 
For example, the cyclization reaction can be performed by mixing the compound of 
formula (VIII) and ethyl acrylate in a sealed tube and heating, essentially as 
described by Green et al. (*dv Pest Control Res., 3, 129 (I960)). 

H 



AcO 




C0 2 Et 



Heat 



AcO 




C0 2 Et 



(DC) 



15 Oxidative cleavage of the double bond in a compound of formula (DC) gives 

a diacid of formula (X). Such an oxidative cleavage may conveniently be carried 
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out by ozonolysis or by oxidation with an acid chromate. For example, using Cr0 3 
in acid, the compound of formula (X) may be prepared, essentially as described by 
Eschenmoser & Winter, Science. 126, 1410 (1977). 




Activation of the diacid with POCl 5 and subsequent reaction with 
5 dimethylamine gives a di-amide of formula (XI). 




Hydrolysis of the acetoxy group of a compound of formula (XT) followed by 
formation of the mesylate (or other suitable leaving group) and addition of sodium 
iodide in THF gives a compound of formula (Xlb). 

1) MsCl 




Reaction of a compound of formula (XI) and a compound of formula (XS) in 
1 0 the presence of anhydrous potassium carbonate in dry DMF, essentially as described 
by Lygo and Rudd rTetrahedron Lett.. 26, 3577 (1995)) followed by removal of the 
sulfone, for example, using Sml 2 , gives a compound of formula (XII) which can be 
deprotected and acylated to give a compound of formula (IV) wherein R 2 and R 3 are 
NMej. 
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(1) Q 
tBOC-N,. 




j-tBOC $0 2 Ph 
XI 




Gh 



" N Y Jls ^T Gh 



1) K 2 C0 3 tBOC 
DMF f 

2) SmI 2 Ar-tBOC " 
THF/MeOH 

XIa 



(2) 
tBOC 



CON(Me)2 1.95%TFA_ \^/ N 



Ar-tBOC 0 I 



2.Ac 2 0 




(IV) 



.CONCMe^ 



I 



ONCMe^ 



Trypilamine 



An intermediate of formula (XII) may conveniently be prepared from a 
protected tryptophan (for example, N-a-tBOC-N in tBOC-L-tryptophan-OH; 
Novabiochem 04-12-0201) by reaction with the dianion derived of 
phenylmethylsulfone. 



O 



O 



tBOC-N 




Ar 



1. MeOH/-OH 
OH 2 . PhS0 2 CH2- 
THF 



tBOC-N 




Ar S0 2 Ph 



(XII) 



Ar = N-tBOC-Indolyl 
5 A preferred synthesis for a compound of formula (IV) is: 
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(IV) 



Thioketone derivatives (Y=S) may be synthesized by insertion of an 
additional reaction, in which the P-ketosulfone derivative of protected tryptophan i 
converted to the thioketone derivative. For example, reaction with a dithiol, such a 
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1,2-ethanedithiol, forms a thioacetal which can be hydrolyzed in the presence of H 2 S 
under anhydrous conditions, to yield the thioketone. The conversion may also be 
carried out using [2,4-bis(4-memo X y-phenyl)-l,3-dimia-2,4-diphos-phetane-2 
disulfide] (Lawesson's Reagent). Reaction of the thioketone derivative with the 
compound of formula (XT) gives a compound of formula (J) wherein Y=S. 




tBOC-N JL HS ^SH r tBOC-N "X" H 2 S/THF r tBOC-N. 

I I I? *" L in Ph Ar §0 2 Ph 

Ar S0 2 Ph H M S °2 ph 

Aryl substituents other than indolyl require preparation of suitably protected 
P-ketosulfone derivatives of the appropriate amino acid. Where the amino acid is 
readily available, the reaction can be performed using the appropriate tBOC or Fmoc 
protected amino acid (phenylalanine and tyrosine, respectively), for example, from 
10 Novabiochem. When the amino acid is not readily available (e.g., R=coumaryl), the 
suitably protected amino acid must first be prepared by methods well established in 
the art for synthesis of non-standard amino acids (for example, see Yuan and Hruby, 
Tetrahedron Lett. 28. 3853 (1997)). 

As illustrated below, a compound of formula (V) can conveniently be 
15 prepared from an ester of formula 13. Deprotonation with lithium diisopropylamide 
followed by alkylation with bromide 14 gives a compound of formula 15. Selective 
reduction of the ester, for example with diisobutylaluminum hydride, gives an 
aldehyde of formula 16, which can be converted to the difluoroalkene 17 by a Wittig 
reaction with PPh 3 =CF 2 (Hayashi et al., Chemistry Letters, 1980, pages 935-938) . 
20 Aldehyde 18 can be converted to bromide 19 using a procedure similar to 

that described in Visweswariah et al., Synthesis, 1982, pages 309-310, by treatment 
with phenyltrimethylammonium tribromide, followed by formation of the acetal 
under standard conditions. Conversion of the bromide to the corresponding 
alkyllithium by treatment with n-butyllithium, followed by reaction with difluoride 
25 17, yields a compound of formula 20 (Chemistry Letters, 1980, pages 935-940). 
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Deprotection under acidic conditions gives aldehyde 21, which can be reacted with 
PPh 3 =CF 2 to give trifluoride 22. Subsequent treatment of 22, with the alkyllithium 
derived from bromide 23 yields a compound of formula (V). It will be understood 
by one skilled in the art that a variety of other known protecting groups can be 
5 utilized in the above procedures and that certain protecting groups may be preferred 
over others depending on the structure of the groups R 4 -R 8 . 
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Other useful chemokine analogs may be identified by the methods 
described hereinabove. In particular, chemokine analogs that are orally bioavailable, 
and stable and potent inhibitors of chemokine activity are preferred. 

5 D. Targeting of the therapeutic agent 

Chemokine peptides, variants, analogs or derivatives thereof may be targeted 
to a specific therapeutic site by linking the therapeutic agent to a moiety that 
specifically binds to a cellular component, e.g., antibodies or fragments thereof, 
lectins, transferrin (for liver targeting) and small molecule drugs, so as to form a 

10 therapeutic conjugate. Targeting of the therapeutic agents of the invention can result 
in increased concentration of the therapeutic agent at a specific anatomic location. 
Moreover, the linking of a therapeutic agent of the invention to a binding moiety 
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may increase the stability of the therapeutic agent in vivo. For example, an antx-CD4 
mimetic that binds to the CD4 receptor may be linked to a therapeutic agent of the 
invention so as to result in a therapeutic conjugate, a portion of which binds to the 
HIV co-receptor. This may enhance the ability to target the therapeutic agent to a 
5 particular cell type and thus block HIV infection of that cell type. 

For neoplasia, anti-tumor antibodies such as NR-LU-10 (anti-carcinoma), 
NR-ML-5 (anti-melanoma), or anti-CD45 (anti-lymphoma), may be useful to 
localize the therapeutic agent to a particular type of tumor. For infectious disease, 
antibodies which recognize a pathogen-specific epitope, such as mAb 17. 41 
10 (Cryptosporidium parvum), maybe employed. To target to joints for treatxng 

rheumatoid arthritis, anti-synovium or chondroitin sulfate (e.g., CatalogNo. C8035, 
Sigma Chemical Co., St. Louis, MO) antibodies can be linked to a therapeutic agent 
of the invention). To treat or prevent asthma or pneumonia, antibodies to the 
bronchial epithelium may be useful to prepare immunoconjugates for use in the 

1 5 methods of the invention. 

Other antibodies useful in targeting a therapeutic agent of the invention to a 
specific site or cell type include antibodies specific for blood vessels or lymphatics 
(e g Ulex europaeus-I lectin, CatalogNo. U4754, Sigma Chemical Co., St. Loms, 
MO), blood clots or platelets (e.g., Catalog Nos. F9902, F4639, F2506, F85 12, 
20 Sigma Chemical Co., St. Louis, MO), T cells (e.g., Catalog Nos. C7048 (CD3); 
C1805 (CD4); C7173 (CDS); and C7298 (CD7), Sigma Chemical Co., St. Loms, 
MO), brain (e.g., Catalog Nos. S2644 and S2407, Sigma Chemical Co., St. Louis, 
MO), tumors (e.g., Catalog No. C2331, Sigma Chemical Co., St. Louis, MO), 
epithelial cells (e.g., Catalog Nos. E6011 and C1041, Sigma Chemical Co., St. 
25 Louis, MO), fibroblasts (e.g., Catalog No, F4771 and V4630, Sigma Chemical Co., 
St Louis, MO), macrophage (e.g., Catalog No. M1919, Sigma Chemical Co., St. 
Louis, MO), stomach lumen (e.g., Catalog No. M5293, Sigma Chemical Co., St. 
Louis, MO), neutrophils (e.g., Catalog No, N1890 and N1765, Sigma Chemical 
Co St. Louis, MO), tendons (e.g., CatalogNo. E4013, Sigma Chemical Co., St. 
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Louis, MO), skin (e.g., Catalog No. K4252, Sigma Chemical Co., St. Louis, MO) 
mammary tissue or epithelium (e.g., Catalog No. C6930, Sigma Chemical Co., St. 
Louis, MO) and skeletal muscle (e.g., Catalog Nos. D8281 and D1033, Sigma 

Chemical Co., St. Louis, MO). 
5 To prepare immunoconjugates useful for targeting a malignant or virus- 

infected cell, an antibody or fragment thereof having a specificity for a surface 
antigen on a malignant cell or virus-infected is attached to a therapeutic agent of the 
invention. Preferably, a chemokine peptide or variant thereof is attached via peptide 
bonds to the carboxy termini regions, e.g., CH3, of antibody heavy chains. The 
10 immunoconjugates can be prepared by genetic engineering techniques, i.e, by 
forming a nucleic acid construct encoding the chimeric immunoconjugate. 
Preferably, the gene construct encoding the immunoconjugate includes, in 5' to 3' 
orientation, a DNA segment which encodes a heavy chain variable region, a DNA 
segment encoding the heavy chain constant region, and a DNA segment coding for 
15 the chemokine peptide, peptide variant, or repeats thereof. The fused gene is 

inserted into an expression vector for transfection of the appropriate recipient cells 
where it is expressed. The hybrid chain can be combined with a light (or heavy) 
chain counterpart to form monovalent and divalent immunoconjugates. 

The heavy chain constant region for the conjugates can be selected from any 
20 of the five isotypes: alpha, delta, epsilon, gamma or mu. Heavy chains or various 
subclasses (such as the IgG subclasses 1-4) can be used. The light chains can have 
either a kappa or lambda constant chain. DNA sequences for these immunoglobulin 
regions are well known in the art (see, e.g., Gillies et al., T Immunol. Meth. , 125, 
191 (1989)). 

25 In preferred embodiments, the variable region is derived from an antibody 

specific for the target antigen (an antigen associated with a diseased cell such as a 
cancer cell or virus-infected cell), and the constant region includes the CHI, CH2 
and CH3 domains. The gene encoding the chemokine peptide or variant is joined, 
e.g., by appropriate linkers, e.g., by DNA encoding (Gly 4 -Ser) 3 in frame to the 3' end 
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of the gene encoding the constant region (e.g., CH3 exon), either directly or through 
an intergenic region. In certain embodiments, the intergenic region can comprise a 
nucleotide sequence coding for a proteolytic cleavage site. This site, interposed 
between the immunoglobulin and the chemokine peptide or variant, can be designed 
5 to provide for proteolytic release of the chemokine peptide or variant at the target 
site. For example, it is well known that plasmin and trypsin cleave after lysine and 
arginine residues at sites that are accessible to the proteases. Many other site- 
specific endoproteases and the amino acid sequences they attack are well known. 
The nucleic acid construct can include the endogenous promoter and 
1 0 enhancer for the variable region-encoding gene to regulate expression of the 

chimeric immunoglobulin chain. For example, the variable region encoding genes 
can be obtained as DNA fragments comprising the leader peptide, the VJ gene 
(functionally rearranged variable (V) regions with joining (J) segment) for the light 
chain or VDJ gene for heavy chain, and the endogenous promoter and enhancer for 
1 5 these genes. Alternatively, the gene coding for the variable region can be obtained 
apart from endogenous regulatory elements and used in an expression vector which 
provides these elements. 

Variable region genes can be obtained by standard DNA cloning procedures 
from cells that produce the desired antibody. Screening of the genomic library for a 
20 specific functionally rearranged variable region can be accomplished with the use of 
appropriate DNA probes such as DNA segments containing the J region DNA 
sequence and sequences downstream. Identification and confirmation of correct 
clones are then achieved by DNA sequencing of the cloned genes and comparison of 
the sequence to the corresponding sequence of the full length, properly spliced 
25 mRNA. 

Genes encoding appropriate variable regions can be obtained generally from 
Ig-producing lymphoid cells. For example, hybridoma cell lines producing Ig 
specific for tumor associated antigens or viral antigens can be produced by standard 
somatic cell hybridization techniques. These Ig-producing cell lines provide the 
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source of variable region genes in functionally rearranged form. The variable region 
genes are typically of murine origin because the murine system lends itself to the 
production of a wide variety of Igs of desired specificity. 

The DNA fragment containing the functionally rearranged variable region 
5 gene is linked to a DNA fragment containing the gene encoding the desired constant 
region (or a portion thereof). Ig constant regions (heavy and light chain) can be 
obtained from antibody-producing cells by standard gene cloning techniques. Genes 
for the two classes of human light chains and the five classes of human heavy chains 
have been cloned, and thus, constant regions of human origin are readily available 

10 from these clones. 

The fused gene encoding the hybrid IgH chain is assembled or inserted into 
expression vectors for incorporation into a recipient cell. The introduction of gene 
construct into plasmid vectors can be accomplished by standard gene splicing 

procedures. 

15 The chimeric IgH chain can be co-expressed in the same cell with a 

corresponding L chain so that a complete immunoglobulin can be expressed and 
assembled simultaneously. For this purpose, the heavy and light chain constructs 
can be placed in the same or separate vectors. 

Recipient cell lines are generally lymphoid cells. The preferred recipient cell 
20 is a myeloma (or hybridoma). Myelomas can synthesize, assemble, and secrete 
immunoglobulins encoded by transfected genes and they can glycosylate 
polypeptide. A particularly preferred recipient cell is the Sp2/0 myeloma which 
normally does not produce endogenous immunoglobulin. When transfected, the cell 
will produce only Ig encoded by the transfected gene constructs. Transfected 
25 myelomas can be grown in culture or in the peritoneum of mice where secreted 

immunoconjugate can be recovered from ascites fluid. Other lymphoid cells such as 
B lymphocytes can be used as recipient cells. 

There are several methods for transfecting lymphoid cells with vectors 
containing the nucleic acid constructs encoding the chimeric Ig chain. A preferred 
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way of introducing a vector into lymphoid cells is by spheroblast fusion (see Gillies 
et al., BiotechnoL 2, 798-804 (1989)). Alternative methods include electroporation 
or calcium phosphate precipitation. 

Other useful methods of producing the immunoconjugates include the 

5 preparation of an RNA sequence encoding the construct and its translation in an 
appropriate in vivo or in vitro system. 

Methods for purifying recombinant immunoglobulins are well known. For 
example, a well known method of purifying antibodies involves protein A 
purification because of the propensity of protein A to bind the Fc region of 

10 antibodies. The antigen binding activity of the purified immunoconjugates can then 
be measured by methods well known to the art, such as described in Gillies et al. (L 
Immunol. MethoL 125 , 191 (1989)). For example, immunoconjugate activity can 
be determined using antigen-coated plates in either a direct binding or competition 
assay format. 

1 5 In particular, it is preferred that humanized antibodies are prepared and then 

assayed for their ability to bind antigen. Methods to determine the ability of the 
humanized antibodies to bind antigen may be accomplished by any of numerous 
known methods for assaying antigen-antibody affinity. For example, the murine 
antibody NR-LU- 13 binds an approximately 40 kilodalton glycoprotein expressed 

20 on numerous carcinomas. This antigen has been characterized in Varki et al., 

Cancer Res. . 44, 681 (1984); Okabe et al., Cancer Res. , 44, 5273 (1989). Thus, it is 
routine to test the ability of humanized antibodies to bind the NR-LU- 13 antigen. 
Moreover, methods for evaluating the ability of antibodies to bind to epitopes of this 
antigen are known. 

25 Humanized antibodies (or fragments thereof) are useful tools in methods for 

therapeutic purposes. When determining the criteria for employing humanized 
antibodies or antibody conjugates for in vivo administration for therapeutic 
purposes, it is desirable that the general attainable targeting ratio is high and that the 
absolute dose of therapeutic agent delivered to the tumor is sufficient to elicit a 
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significant tumor response. Methods for utilizing the humanized antibodies can be 
found, for example, in U.S. Patent Nos. 4,877,868, 5,175,343, 5,213,787, 5,120,526, 
and 5,202,169. 

To target vascular smooth muscle cells (VSMC), VSMC binding protems, 
5 e.g., polypeptides or carbohydrates, proteoglycans and the like, that are associated 
with the cell membranes of vascular smooth muscle cells can be employed to 
prepare therapeutic conjugates. In a preferred embodiment, the binding moiety is 
exemplified by chondroitin sulfate proteoglycans (CSPGs) synthesized by vascular 
smooth muscle cells and pericytes, and a discrete portion (termed an epitope herein) 
10 of the CSPG molecule having an apparent molecular weight of about 250 kD is 
especially preferred. The 250 kD target is an N-linked glycoprotein that is a 
component of a larger 400 kD proteoglycan complex. In one presently preferred 
embodiment of the invention, a vascular smooth muscle binding protein is provided 
by NR-AN-01 monoclonal antibody (a subculture of NR-ML-05) that binds to an 
15 epitope in a vascular smooth muscle CSPG target molecule. The monoclonal 
antibody designated NR-ML-05 reportedly binds a 250 kD CSPG synthesized by 
melanoma cells (Morgan et al., U.S. Pat. No. 4,897,255). Smooth muscle cells and 
pericytes also reportedly synthesize a 250 kD CSPG as well as other CSPGs. 
NR-ML-05 binding to smooth muscle cells has been disclosed (Fritzberg et al., U.S. 
20 Pat No. 4,879,225). Subculture NR-ML-05 No. 85-41-4I-A2, freeze # A2106, has 
been deposited with the American Type Culture Collection, Rockville, MD and 
granted Accession No. HB-9350. NR-ML-05 is the parent of, and structurally and 
functionally equivalent to, subclone NR-AN-01, disclosed herein. It will be 
recognized that NR-AN-01 is just one example of a vascular smooth muscle binding 
25 protein that specifically associates with the 400 kD CSPG target, and that other 
binding proteins associating with this target and other epitopes in this target are also 
useful in the therapeutic conjugates and methods of the invention. 

It will be recognized that the inventors also contemplate the utility of human 
monoclonal antibodies or "humanized" murine antibody as a vascular smooth 
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muscle binding protein in the therapeutic conjugates of their invention. For 
example, murine monoclonal antibody may be "chimerized" by genetically 
recombining the nucleotide sequence encoding the murine Fv region (i.e., containing 
the antigen binding sites) with the nucleotide sequence encoding a human constant 
5 domain region and an Fc region, e.g., in a manner similar to that disclosed in 
European Patent Application No. 0,41 1,893 A2. Humanized vascular smooth 
muscle binding partners will be recognized to have the advantage of decreasing the 
immunoreactivity of the antibody or polypeptide in the host recipient, which may 
thereby be useful for increasing the in vivo half-life and reducing the possibility of 
10 adverse immune reactions. See also, N. Lonberg et al. (U.S. Patent Nos. 5,625,126; 
5,545,806; and 5,569,825); and Surani et al. (U.S. Patent No. 5,545,807). 

Useful binding peptides for cancer treatment embodiments of the present 
invention include those associated with cell membrane and cytoplasmic epitopes of 
cancer cells and the like. These binding peptides localize to the surface membrane 
15 of intact cells and internal epitopes of disrupted cells, respectively, and deliver the 
therapeutic agent for assimilation into the target cells. Minimal peptides, mimetic 
organic compounds and human or humanized antibodies that localize to the requisite 
tumor cell types are also useful as binding peptides of the present invention. Such 
binding peptides may be identified and constructed or isolated in accordance with 
20 known techniques. Preferred binding peptides of these embodiments of the present 
invention bind to a target epitope with an association constant of at least about 
10-*M. 

Methods useful to prepare antibody-peptide conjugates are well known to the 
art. See, for example U.S. Patent No. 5,650,150, the disclosure of which is 
25 incorporated by reference herein. Representative "coupling" methods for linking the 
therapeutic agent through covalent or non-covalent bonds to the targeting moiety 
include chemical cross-linkers and heterobifunctional cross-linking compounds 
(i.e., "linkers") that react to form a bond between reactive groups (such as hydroxyl, 
amino, amido, or sulfhydryl groups) in a therapeutic agent and other reactive groups 
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(of a similar nature) in the targeting moiety. This bond may be, for example, a 
peptide bond, disulfide bond, thioester bond, amide bond, thioether bond, and the 
like. In one illustrative example, conjugates of monoclonal antibodies with drugs 
have been summarized by Morgan and Foon (Monoclonal Antibody Therapy to 
5 Cancer: Preclinical Models and Investigations, Basic and Clinical Tumor 

Tmmunologv . Vol. 2, Kluwer Academic Publishers, Hingham, MA) and by Uhr _L 
of Immunol. I33:i-vii, 1984). In another illustrative example where the conjugate 
contains a radionuclide cytostatic agent, U.S. Patent No. 4,897,255, Fritzberg et al., 
incorporated herein by reference, is instructive of coupling methods that may be 
10 useful. In one embodiment, the therapeutic conjugate contains a vascular smooth 
muscle binding protein coupled covalently to a chemokine peptide or variant. In this 
case, the covalent bond of the linkage may be formed between one or more amino, 
sulfhydryl, or carboxyl groups of the vascular smooth muscle binding protein and 
the chemokine peptide or variant. 
15 In a preferred embodiment of the invention, an antibody conjugate is used in 

pretargeting methods. Essentially, such pretargeting methods are characterized by 
an improved targeting ratio or increased absolute dose to the target cell sites in 
comparison to conventional cancer diagnosis or therapy. A general description of 
pretargeting methods may be found in U.S. Patent No. 4,863,713, 5,578,287, and 
20 5,630,996. Typical pretargeting approaches are summarized below. 

Pretargeting methods are of two general types: three-step pretargeting 
methods and two-step pretargeting methods. A three-step pretargeting protocol 
includes the administration of a targeting moiety-ligand conjugate, which is allowed 
to localize at a target site and to dilute in the circulation. This is followed by 
25 administration of an anti-ligand which binds to the targeting moiety-ligand 

conjugate and clears unbound targeting moiety-ligand conjugate from the blood, as 
well as binds to targeting moiety-ligand conjugate at the target site. Thus, the anti- 
ligand fulfills a dual function by clearing targeting moiety-ligand conjugate not 
bound to the target site as well as attaches to the target site to form a targeting 
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moiety-ligand : anti-ligand complex. Finally, a therapeutic agent-ligand conjugate 
that exhibits rapid whole body clearance is administered. 

When the therapeutic agent-ligand conjugate in circulation comes into close 
proximity to the targeting moiety-ligand : anti-ligand complex bound to the target 
5 site, the anti-ligand portion of the complex binds to the ligand portion of the 
circulating therapeutic agent-ligand conjugate, thus producing a targeting moiety- 
ligand : anti-ligand : ligand-therapeutic agent "sandwich" at the target site. 
Furthermore, because the unbound therapeutic agent is attached to a rapidly clearing 
ligand (rather than a slowly clearing targeting moiety, such as antibody or antibody 
10 fragment), this technique provides decreased non-target exposure to the active agent. 
Alternatively, two-step pretargeting methods eliminate the step of 
administering the above identified anti-ligand. These "two-step" procedures feature 
targeting moiety-ligand or targeting moiety-anti-ligand administration, followed by 
the administration of a therapeutic agent which is conjugated to the opposite 
1 5 member of the ligand/anti-ligand pair. 

As an optional step in the two-step pretargeting method, ligand or anti- 
ligand, designed specifically to provide a clearance function, is administered to 
facilitate the clearance of circulating targeting moiety-ligand or targeting moiety- 
anti-ligand. Thus, in the two-step pretargeting approach, the clearing agent does not 
20 become bound to the target cell population, either directly or through the previously 
administered target cell bound targeting moiety-anti-ligand or targeting moiety- 
ligand conjugate. 

A targeting moiety in a pretargeting method binds to a defined target cell 
population, such as tumor cells. Preferred targeting moieties useful in this regard 
25 are antibodies (polyclonal or monoclonal), such as human monoclonal antibodies, or 
"humanized" murine or chimeric antibodies. Some examples of humanized 
antibodies include those that are CHO produced, produced in hosts such as plant (for 
example corn, soybean, tobacco, and the like), insect, mammalian, yeast, and 
bacterial. The humanized antibodies may be those that bind to the antigen bound by 
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antibody NR-LU-13. Preferably, the humanized antibody may not possess N-linked 
glycosylation or its N-linked glycosylation has been modified post expression to 
reduce immunogenicity or toxicity. 

Ligand/anti-ligand pairs suitable for use in targeting protocols include 

5 biotin/avidin or streptavidin, haptens and epitopes/antibody, fragments or analogs 
thereof, including mimetics, lectins/carbohydrates, zinc finger proteins/dsDNA 
fragments, enzyme inhibitors/enzymes; and analogs and derivatives thereof. 
Preferred ligands and anti-ligands bind to each other with an affinity of at least about 
K A * lO'M' 1 or K D < 10' 9 M. Biotin/avidin or streptavidin is a preferred ligand/anti- 

10 ligandpair. 

In general, such pretargeting methods preferably include the administration 
of an anti-ligand that provides a clearance function. The clearance is probably 
attributable to cross-linking and/or aggregation of conjugates that are circulating in 
the blood, which leads to complex/aggregate clearance by the recipient's RES 
1 5 (reticuloendothelial system). The anti-ligand clearance of this type is preferably 
accomplished with a multivalent molecule. However, a univalent molecule of 
sufficient size to be cleared by the RES on its own could also be employed. 

Alternatively, receptor-based clearance mechanisms, e.g., Ashwell receptor 
or other receptors, may be exploited by addition of hexose residues, such as 
20 galactose or mannose residues, to provide for clearance of the anti-ligand, anti- 
ligand conjugate or humanized antibody via the liver. Such clearance mechanisms 
are less dependent upon the valency of the clearing agent than the RES 
complex/aggregate clearance mechanisms described above. 

For example, if the targeting moiety-ligand or targeting moiety-anti-ligand 
25 has been derivatized to provide for clearance (i.e., addition of a hexose residue) a 
clearing agent should not be necessary. Preferred clearing agents are disclosed in 
U.S. Patent Nos. 5,624,896 and 5,616,690; as well as PCT Application Publication 
Number WO 95/15978. 
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One skilled in the art, based on the teachings herein and the applications 
referenced herein, can readily determine an effective therapeutic effective dosage 
and treatment protocol. This will depend upon factors such as the particular selected 
therapeutic agent, route of delivery, the type of target site(s), affinity of the targeting 

5 moiety for target site of interest, any cross-reactivity of the targeting moiety with 
normal tissue, condition of the patient, whether the treatment is effected alone or in 
combination with other treatments, among other factors. 

For example, in the case of humanized antibody - avidin or streptavidin 
conjugates in pretargeting strategies, a suitable dosage ranges from about 10 to 

1 0 about 2500 mg, more preferably from about 50 to 1 500 mg, and most preferably 
from about 100 to 800 mg. The dosage of the ligand-therapeutic agent conjugate, 
generally ranges from about 0.001 to about 10 mg and more preferably from about 
0.1 to2mg. 

In general, such pretargeting methods include the administration of a 
1 5 clearing agent. The dosage of the clearing agent is an amount which is sufficient to 
substantially clear the previously administered conjugate from the circulation, i.e., al 
least about 50%, more preferably at least about 90%, and most preferably 
approaching or at 100%. In general, the clearing agent is administered several days 
after administration of the humanized antibody - streptavidin conjugate, preferably 
20 about 1 to 5 days after, more preferably at least about 1 to 2 days after. Generally, 
the determination of when to administer the clearing agent depends on the target 
uptake and endogenous clearance of targeting moiety conjugate. Particularly 
preferred clearing agents are those which provide for Ashwell receptor mediated 
clearance, such as galactosylated proteins, e.g., galactosylated biotinylated human 
25 serum albumin (HSA) and small molecule clearing agents containing galactose and 
biotin. In the case of HSA based clearing agents, a typical dosage of the clearing 
agent will range from about 100 to 1000 mg, and more preferably about 200- 
500 mg. If a clearing agent is administered, the ligand-therapeutic agent conjugate 
is preferably administered about 2 to 12 hours after. 
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The conjugates maybe administered by known methods of administration. 
Known methods of administration include, by way of example, intraperitoneal 
injection, intravenous injection, intramuscular injection, intranasal administration, 
among others. Intravenous administration is generally preferred. 
5 ttt factions At™™"* tn Treatment bv the Apents of the Invention 

The agents of the invention are useful to treat a mammal afflicted with, to 
inhibit in a mammal at risk of, or to augment in a mammal at risk of, an indication 
associated with chemokine-induced activity, such as aberrant or pathological 
inflammatory processes. The chemokines participate in a broad range of 
10 inflammatory processes, both physiological and pathological. Thus, broad 

specificity chemokine inhibitors may be useful to treat or prevent a wide range of 
inflammatory diseases. Moreover, the use of rationally designed chemokine 
inhibitors, i.e., inhibitors with relative specificity for various chemokines, may 
reduce or inhibit side-effects associated with chronic therapies of broad spectrum 
15 chemokine inhibitors. Thus, these inhibitors may be designed to treat particular 
diseases, thereby minimizing side effects resulting from disrupting unrelated 

physiological processes. 

Atherosclerosis . Development of atherosclerosis is a complex process 
involving smooth muscle cells, endothelial cells and inflammatory cells, and, in 

20 particular, monocyte-derived tissue macrophages, B or T cells. Once endothelial 
cells are activated, they express adhesion molecules important for the extravasation 
of inflammatory cells. For example, in the TGFpU knockout (-/-) mouse, the 
absence of this cytokine resulted in endothelial cell activation. The activated 
endothelial cells express, among other adhesion molecules, E-selectin, P-selectin, 

25 and ICAM-1, which in turn participate in the extravasation of leukocytes. Potent 
pro-inflammatory cytokines were also expressed at the sites of incipient vascular 
lesions. TNF-cc, IL-1, as well as several chemokines including IL-8 and MCP-1, 
have been detected at elevated levels in atherosclerotic lesions. Results described 



98 



hereinabove show that the chemokine MCP-1 in particular plays a role in 
atherosclerotic vascular inflammation. 

It is now well accepted that the acute stability of vascular lesions is a more 
imp ortant determinant of short-term, e.g., less than several years, risk of myocardial 
5 infarction than is total plaque burden. The degree of macrophage infiltration is 
probably the major determinant of relative plaque stability. At least two factors 
contribute to plaque stability: macrophages secrete an excess of matrix-degradmg 
enzymes (such as the matrix metalloproteinases) over their inhibitors, resulting m 
the loss of extracellular matrix (ECM) in the macrophage-rich shoulder and fibrous 
10 cap regions, a common feature of unstable or ruptured plaques; and macrophage- 
derived foam cells become necrotic, possibly in response to toxic oxidative 
metabolites of lipids, resulting in a lipid-filled extracellular pool which further 
destabilizes the local vessel wall architecture. 

Inhibitors of chemokine action, and in particular inhibitors of MCP-1, may 
1 5 improve plaque stability and thus rapidly reduce the risk of myocardial infarction, 
without necessarily reducing the total atherosclerotic plaque burden. In particular, 
the agents of the invention may decrease lipid lesion formation and/or lipid lesion 
progression as well as increasing plaque stability (Boring et al., Nature, 224, 894 
(1998)). Thus, agents of the invention, e.g., peptide 3(1-12)[MCP-1] (SEQ ID 
20 NO l), KQK, peptide 3[7-12] (SEQ ID NO:9), as well as variants, e.g., 

Leu 4 ne llP eptide 3(1-12)[MCP-1] (SEQ ID NO:14), or derivatives thereof, may be 
useful to treat and/or prevent unstable angina pectoris, atherosclerosis, as well as 
other diseases characterized by local or systemic vasculitis, as well as the symptoms 
and diseases which occur secondarily to the vessel wall inflammation such as 

25 myocardial infarction. 

Moreover, the agents of the invention are also useful in combination with 
lipid lowering agents, such as the statins, or TGF-beta elevating agents (see, for 
example, WO 96/40098, the disclosure of which is incorporated by reference 
herein). 
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Qsjeijporgsis. Low bone mineral density, often categorized as osteoporosis, 
results from an imbalance between bone matrix deposition by osteoblasts and its 
subsequent resorption by osteoclasts. The balance between these two dynamic 
processes determines bone density. One strategy to increase bone density has been 
the use of analogs of tamoxifen, such as raloxifene, which mimic the effects of 
estrogen on bone and thus, promote osteoblast differentiation (increasing bone 
matrix deposition) and inhibit osteoclast recruitment (decreasing resorption). An 
alternative strategy is to decrease matrix resorption by directly inhibiting the 
mechanism by which osteoclasts are recruited to the bone. Measurement of bone 
matrix degradation products (such as the N-terminal and C-terminal telopeptides of 
collagen as well as pyridinium cross-links) in plasma and urine confirm that bone 
resorption is increased in osteoporosis, and hence inhibition of osteoclast activity is 
likely to prove an effective therapeutic strategy. 

Unlike osteoblasts, which are locally derived, osteoclasts are continuously 
recruited to bone as precursor cells which circulate in the monocyte fraction, and 
which may be identical to monocytes. Once recruited, the precursors differentiate 
into osteoclasts which then resorb matrix until they die by apoptosis. Thus, the 
number of osteoclasts in bone tissue (and hence the osteoclast activity) can be 
rapidly regulated by modulating the osteoclast recruitment process. 

A number of lines of evidence now suggest that the monocyte recruitment 
into bone is a molecular parallel of the pathological monocyte recruitment into the 
blood vessel wall that occurs during atherogenesis. In particular, the chemokine 
MCP-1 is implicated in both processes. Thus, MCP-1 inhibitors may act to reduce 
monocyte recruitment and thus decrease osteoclast recruitment and/or decrease the 
number of cells differentiating into osteoclasts, which would result in a rapid 
increase in bone density, for example, over a period of weeks rather than years. The 
ability of the present therapeutic agents to increase bone density contrasts with 
existing drugs which prevent a further decrease in bone density but do not increase 
bone density. Therefore, peptide 3, e.g., peptide 3(7-12)[MCP-l^and variants^-, 
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Leu 4 Ile llP eptide 3(1-12)[MCP-1B and derivatives (e.g., CRD-Cys^Ile, .peptide 
3(3-12)[MCP-l]) thereof, may bVuseful to inhibit or prevent low bone density. In 
particular, derivatives with specificity for CC chemokines, such as CRD- 
Cys 13 Leu 4 Ile u peptide 3(3-12)[MCP-l], are preferred agents for the treatment of 
osteoporosis. 

wry Tnfertinn and AIDS. In addition to the CD4 receptor, additional cell 
surface molecules (termed co-receptors) are required for the productive infection of 
a cell by HIV isolates. HIV isolates can be divided into two subtypes, which depend 
on whether they can infect monocyte/macrophages (M-tropic strains) or helper T 
lymphocytes (T-tropic strains). Experiments with chemokine ligands suggest that 
the chemokine receptors function as the HIV co-receptors: MIPlcc and RANTES 
inhibited the infection of monocytes with M-tro P ic strains (but not infection of T- 
cells by T-tropic strains), while SDF-1 inhibited T cell infection (but not monocyte 
infection). Further molecular analyses confirmed that the MIPla/RANTES receptor 
CCR-5 is the HIV co-receptor on monocytes while the SDF-1 receptor CXCR-4 
(also termed LESTR and fusin) is the co-receptor on T-cells. Early in infection, M- 
tropic virus predominates, a virus which is non-syncytium forming, less virulent and 
does not deplete T-cells. At a later time, selection favors conversion to the more 
virulent, syncytium forming T-tropic strain, a strain which depletes helper T cells 
and leads to acquired immunodeficiency (AIDS). It is possible that the virions can 
use other chemokine receptors, although at lower efficiency. Thus, to provide an 
effective agent to inhibit HTV, the agent preferably inhibits virus binding to more 
than one receptor, i.e., an agent would have to have broad specificity for chemokine 
receptors. 

Genetic studies have identified a mutation in CCR5 which renders 
individuals essentially immune to HIV infection. This mutation, termed CCR5A32, 
results in a truncated mRNA for CCR-5. The expression of the truncated CCR-5 
does not produce any detectable CCR-5 protein on the cell surface. Individuals 
homozygous for this deficiency have been reported to be entirely resistant to HTV 
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infection, even under exposure to extremely high viral challenge, although there is 
now a single report of a homozygous mutant individual seropositive for HTV 
infection. Thus, these observations demonstrate that effective blockade of the 
CCR-5 receptor may effectively prevent infection. Moreover, CCR-5 mediated 
5 chemokine signaling does not have a crucial role in normal physiology, since 
CCR-5A32 homozygotes have no detectable phenotype other than HIV resistance. 

Therefore, inhibitors of chemokine receptors, such as peptide 3, its variants, 
analogs or derivatives, may inhibit HIV infection as these agents have broad 
specificity. As described hereinbelow (Example 5), peptide 3[MCP-1] inhibited 
10 HIV binding and infection of Jurkat cells and macrophage. A preferred agent to 
prevent or inhibit HTV infection and/or replication is CRD-Cys 13 Leu 4 nenPeptide 
3(3-12)[MCP-l]. In particular, peptide 3, its variants, analogs or derivatives, e.g., 
CRD-Cys^Leu^enpeptide 3(3-12)[MCP-l], may be especially useful to inhibit 
infection of M-tropic strains of HIV. 
15 Peptide 2, its variants, analogs or derivatives, are also useful to prevent or 

inhibit HIV infection and/or replication, as peptide 2 inhibited HTV replication in T 
cells and macrophage. Preferred therapeutic agents have decreased Duffy binding 
and increased co-receptor affinity (in at least about the nM range) (see Example 5) 
relative to the corresponding chemokine or peptide having the native or wild-type 
20 sequence. Preferably, Peptide 2, its variants, analogs or derivatives, e.g., LRD 
derivatives, are useful to inhibit T-tropic strains of HTV. 

Thus, a combination of peptide 3, its variants, analogs or derivatives, and 
peptide 2, its variants, analogs or derivatives, may be particularly useful to prevent 
or treat HTV infection. 

25 Thus, these agents are useful for the treatment, as well as the prevention, of 

both HTV seropositives and of progression of seropositive patients to AIDS, when 
used, either alone, in combination, or in combination with other anti-viral therapies. 
When used in combination, it is preferred that an infected individual is pre-treated 
with viral inhibitors (such as a cocktail of reverse transcriptase and viral protease 
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inhibitors) and then given doses of a general chemokine inhibitor, preferably peptide 
3, peptide 2, their variants or derivatives, more preferably peptide 2[MIPla], its 
analogs or derivatives. Moreover, since resistance to other therapies (such as 
protease inhibitors or reverse transcriptase inhibitors) arise because of viral 
5 replication, agents which reduce virus infectivity may drastically increase the 
success of these existing therapies. Specifically, unlike all currently exploited 
therapeutic targets such as reverse transcriptase or the viral protease, chemokine 
agonists and/or antagonists target the susceptible cell rather than the virus itself. 
Although the virus can rapidly mutate to generate strains resistant to the virus- 
10 targeted agents, cells mutate less readily and are under less or no selective pressure 
to mutate. The extent to which the mutations in the HW virus must occur to 
circumvent the use of a chemokine co-receptor is likely to be much greater than the 
mutations necessary to render a reverse transcriptase resistant to a reverse 
transcriptase inhibitor. Thus, the administration of chemokine analogs is likely to 
15 prove effective either alone or in combination with the virus-targeted therapies. 

Furthermore, chemokine inhibitors may have limited side effects in vivo, i.e., limited 
physiological impact, and therefore have a good therapeutic index when used in 
vivo. 

Malaria . Malaria is caused by intracellular parasites of the plasmodium 
20 group. The main cellular target of the parasite is the red blood cell, and the 

mechanism of infection involves interaction of a Plasmodium surface protein and 
the Duffy Antigen Receptor for Chemokines (DARC) for at least one common 
Plasmodium species, P. vivax. Studies have indicated that normal surface 
presentation of DARC on the red blood cell surface is necessary for plasmodium 
25 entry. Consequently, inhibitors of DARC function may be useful anti-malarial 
agents. Hence, peptide 3, or preferably a derivative s^ng^er aff|r0 DARC 
binding such as Ser.Glu^peptide 3(l-12)[MCP-4 or m\>re preferably a peptide 
which shows high affinity DARC binding and does not inhibit chemokine activity 
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such as peptide 2[MCP-1], peptide 2[MGSA], or peptide 2 P L-8] are examples of 
agents falling under the scope of this invention which are useful for the prevents 
and treatment of malaria. Peptide 2, peptide 2 variants and derivatives are 
proinflammatory agents. Thus, these agents are useful to augment inflammatory 
responses, in particular weak inflammatory responses which are often associated 
with persistent infections such as parasitic infection, e.g., intracellular parasites. 

Espjiasis. Psoriasis is an inflammatory disorder that is associated with 
MCP-1 and monocyte recruitment. Topical application of a therapeutic agent of the 
invention, e.g., peptide 3, is preferred to prevent or treat psoriasis as this delivery 
method reduces bioavailability problems. Derivatives of the therapeutic agents of 
the invention, e.g., CRD peptides, which are administered topically may exhibit 
enhanced bioavailability relative to non-derivatized counterparts. 

M ^ .Diseases. Autoimmune diseases, such as multiple sclerosis, 

Crohn's disease, rheumatoid arthritis and systemic lupus erythematosus, are 
5 characterized by inappropriate activation of the immune system, orchestrated by 
autoreactive leukocyte, Although it remains unclear what factors lead to the initial 
inappropriate recognition of self-antigens, a number of pro-inflammatory cytokines 
have been implicated in the continuing inflammation which underlies the tissue 
destruction that, in turn, leads to the morbidity and mortality associated with these 
>0 diseases. Of these inflammatory cytokines, TNF-a and the chemokines (in 
particular MIP-la) have been implicated. 

For example, elevated MIP-la expression is detected in experimental 
autoimmune encephalomyelitis, a model of T-cell mediated autoimmune disease 
with some common characteristics to human multiple sclerosis. Elevated MIP 1 a 
25 activity is also detected in the cerebrospinal fluid of patients with multiple sclerosis. 
Antibody therapy to reduce chemokine levels has been shown to be effective in 
animal models of autoimmune diseases, but this method only lowers chemokine 
ievels for a short period, and is unlikely to be useful in human therapy. In contrast, a 
general antagonist of chemokine signaling is likely to suppress the inappropriate 
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inflammation indefinitely, te, peptide 3, its derivatives and variants, may be 
useful to prevent and/or treat autoimmune disorders including, but not limited to, 
type I diabetes, multiple sclerosis, rheumatoid arthritis and systemic lupus 

erythematosus. 

5 Moreover, different chemokine expression patterns maybe associated with 

different autoimmune disorders, and hence each autoimmune disease may require a 
different derivative or variant of peptide 3. For example, MlPla may play a central 
role in multiple sclerosis. MlPla is a CC chemokine. Thus, me administration of a 
CC-selective agent of the invenjioncan be used to treat multiple ^(l^J^^ 
0 Leu^uPeptide 3(1-^5^^*3^ 3(1-12)^-1]^ 

^^PleaJ^. Following wounding, there is a complex process of wound 
healing involving recruitment and proliferation of different cell types, elaboration of 
matrix, and increased immune surveillance. In the fetus (where increased unmune 
surveillance is not required) this wound healing process leads to complete 
15 restoration of the normal tissue architecture (e.g., normal dermal architecture is 
restored after incisional wounding). In marked contrast, in the adult, incisional 
wounding results in a wound healing process that does not restore normal dermal 
architecture. Matrix is elaborated in excess amounts and in inappropriate spatial 
organization. The result is a scar. In some cases, such as in children following 
20 severe wounding such as from burns, the scars are hypertrophic having huge excess 
of matrix deposition and are particularly disfiguring. 

In adults, the risk of infection following wounding is high. Leukocytes, 
particularly neutrophils, are recruited rapidly to the wound site, while 
monocyte/macrophages appear several days after wounding, resulting in a rapid 
25 formationofgranulomatoustissue. Studies with antibodies have suggested that 
CXC chemokines such as IL-8 play an important role in neutrophil attraction to the 
wound site, and that inhibition of IL-8 production reduces both neutrophil 
accumulation and subsequent scarring. Experiments blocking CC chemokines have 
similarly shown that they have a role in the attraction of macrophages to the wound 
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site, and these cells may also promote rapid healing at the expense of wound quality. 
Hence inhibition of either CXC or CC chemokines, or both, may result in a decrease 
in the wound-induced inflammatory reaction, and in turn promote a balance between 
fast healing and good restoration of dermal architecture. 
5 To prevent or reduce scarring and/or enhance wound healing, a preferred 

embodiment of the invention is the topical application of a therapeutic agent of the 
invention that inhibits chemokine action at the site of the ^^^^1) 
spectrum chemokine inMbkor, such as peptide 3(1-12)[MCP-1], Uu^peptide 
3(l-12)[M^ft C^u^lii^eptide 3[MCP-1] or WVQ, or combinations 
10 thereof may be administered. Alternatively, a selective inhibitor of IL-8, such as 
KEN, or a selective inhibitor of MCP-1, such as KQK, as well as combinations 
thereof may be administered. In addition, a combination of a broad spectrum 
inhibitor and a selective inhibitor may be administered. In this way, the various 
components of the wound-induced inflammatory process maybe controlled as 
1 5 desired and the wound may be allowed to heal more slowly (under conditions where 
it is protected from infection, e.g., by simultaneous use of antibiotics) but with 
enhanced recovery of dermal architecture. See U.S. Patent No. 5,202,1 18 for 
methods to determine the efficacy of an agent to treat or enhance wound healing. 

^tension. Hypertension is a risk factor for atherosclerosis. To determine 
20 whether an agent of the invention is useful to inhibit or treat hypertension, a rabbit 
model is employed. New Zealand white rabbits*re fed an atherogenic diet for three 
weeks to induce plaque formation. One half of each group of rabbits is administered 
an agent of the invention. Aortic coarctation is created in one group of the rabbits 
by wrapping a Dacron band around the midportion of the descending thoracic aorta 
25 (stenosis group). Another group of rabbits undergo the banding technique without 
aortic constriction. Yet another group of rabbits serve as nonopened controls. 
Monocyte binding to the aortic endothelial surface is determined with epifluorescent 
microscopy on standard aortic segments proximal and distal to the band. 
Immunohistochemistry is performed using the following antibodies:VCAM-l, 
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RAMI 1, CD1 lb, and factor Vffl. In rabbits that did not receive the agent, 
hypertensive regions of the aorta proximal to the stenosis, monocyte adhesion and 
endothelial VCAM-1 expression are increased, with intimal thickening and 
accumulation of macrophage. In agent-treated rabbits, monocyte adhesion and 
5 endothelial VCAM-1 expression, intimal thickening and accumulation of 
macrophage are decreased relative to non-agent-treated rabbits. 

Tuberculosis. Infection with Mycobacterium tuberculosis is an example of a 
disease where the monocyte/macrophage is responsible for attempting to clear the 
pathogen from the host tissue (in this case the lung) but where the immune response 
10 is often insufficient. As a consequence, even when antibiotics are used, M 

tuberculosis infection can persist, clinically or sub-clinically as the body fails to 

clear the entire pathogen load. 

Thus, diseases such as tuberculosis are amenable to therapy by agents which 
augment the existing immune reaction to recruit additional monocytes to the target 
15 tissue. Agents which illicit a systemic inflammation are less useful because the 
systemic inflammation has side effects (e.g., nausea, high temperature, lethargy, 
etc.). Thus, agents which bind to DARC with high affinity, may be useful as these 
agents may augment an existing inflammatory reaction but do not result in systemic 
inflammation. Since DARC normally acts to limit the extent of a local 
20 inflammatory reaction by sequestering locally produced chemokines, agents which 
reduce or block the capacity for DARC to sequester the chemokines may augment 
the desired response. Thus, one embodiment of the invention is the administration 
of a DARC binding agent, e.g., peptide 2[MCP-1], either locally to the lungs or 
systemically, to reduce or inhibit DARC sequestration of chemokines. Increased 
25 local chemokine levels can augment monocyte recruitment, and the resultant 

increase in the number of tissue macrophages may aid clearance of M tuberculosis 
and reduce or prevent chronic infection. 

The agent of the invention may be administered either alone, or more 
preferably, in combination with antibiotics or other drugs which have been shown to 
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inhibit the growth of M tuberculosis, but which when used singly may not prevent 
or abolish chronic infection. 

Agents such as peptide 2[MCP-1] which augment existing immune reactions 
may also be useful for reduction or elimination of other chronic or parasitic 
5 infections, e.g., leishmania, trypanosomes, leprosy, and the like. 

R^n phil-mediated diseases . Asthma is a disease characterized by hyper- 
reactive airways and chronic inflammation resulting from an influx of many cell 
types and inflammatory mediators. The interaction and causal effects of all the 
inflammatory mediators in asthma is not entirely understood. MCP-1 can play a role 
10 in asthma through several different effector functions such as: monocyte 

recruitment, basophil recruitment, lymphocyte recruitment, monocyte activation or 
by triggering the release of histamine from basophils or resident mast cells (Bischoff 
pi a i t Exp. Med.. 175(5), 1271 (1992)). Inhibition of these processes are likely to 
reduce the severity of the disease. Allergic diseases, like asthma, are manifested 
1 5 through a complex interaction of inflammatory mediators including 

monocytes/macrophages, lymphocytes and histamine release from mast cells and 
basophils. 

A preferred mode for administration of a therapeutic agent of the invention 
to treat or inhibit the symptoms associated with asthma is by inhalation. As red 
20 blood cells are not normally present in the respiratory tract, the DARC specificity of 
the therapeutic agent is less important for administration to the respiratory tract than 
for other modes of administration. 

Kndotoxemia . Endotoxemia is an acute systemic illness often mediated by 
LPS, a major component in the cell wall of gram-negative bacteria. LPS stimulates 
25 the release of proinflammatory cytokines. MCP-1 and MCP-2 are expressed in 
endotoxemia and exert their effect by recruiting leukocytes to target organs. The 
intraperitoneal administration of recombinant murine MCP-1 to LPS-challenged 
mice protected them from endotoxic lethality (Zisman et al., ,T, Clin, Invest,, 22, 
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2832 (1997)). Thus, preferred peptides for use in this embodiment of the invention 

are MCP-1 and MCP-2 peptides. 

M yrentifll Tnfarc ti™/Amte Tschemia. Myocardial infarction is the result of 
acute closure of a coronary vessel usually due to thrombosis secondary to rupture of 
5 an atherosclerotic plaque. The damage to the adjacent myocardium and resultant 
heart failure is secondary to the period of ischemia and the damage caused during 
the reperfusion period. Reperfusion injuries are associated with increased oxygen 
free radicals and inflammatory mediators. MCP-1 is up-regulated during the 
reperfusion period and is a key inflammatory mediator (Kumar et al., Circulation., 
10 90, 1427 (1994); Kumar et al., Circulation . 2£, 693 (1997)). Inhibition of MCP-1 
and the resultant inflammatory input may decease damage to the myocardium during 
recovery and reduce the incidence of heart failure. 

Rheumatoid Arthritis . Rheumatoid arthritis is a multi-systemic 
inflammatory disease involving primarily the joints but also the skin, blood vessels, 
15 heart, lung and muscle. The characteristic pathology of rheumatoid arthritis 

involves the accumulation of non-suppurative inflammatory cell infiltrate consisting 
of macrophages and lymphocytes within the joint. MCP-1 is produced by both 
synovial cells and infiltrating monocyte/macrophages in rheumatoid arthritis and is 
thought to contribute to the accumulation of inflammatory cells within the joint. 
20 The ability of native MCP-1 and an antagonist of MCP-1 (residues 9-76 of native 
MCP-1) have been assessed in the MRL-lpr model of chronic arthritis. Treatment 
with the antagonist MCP-1 (9-76) but not native MCP-1 resulted in a reduction of 
the symptoms and histopathology of chronic arthritis in this model (Gong et al., L 
Exp. Med.. 186, 131 (1997); Plater-Zyberk et al., Immunol- Lett., 5J, 117 (1997); 
25 Wilder, riin Rheumat.. 1Q, 259 (1996)). Thus, peptide 3, its variants, analogs and 
derivatives may be especially useful to treat or prevent rheumatoid arthritis. 

Contraception . Knockout mice for the CXCR4 chemokine receptor exhibit 
embryonic lethality. Agents of the invention have been identified which block the 
CXCR4 receptor (see Example 5) and other chemokine receptors. Thus, the agents 
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of the invention may be useful in inducing abortion or providing contraception. 
Blockade of the CXCR4 receptor could provide an alternative to traditional 
contraceptives and could be used post-coitus. 

m iy., r Formulation s ™H Routes of A dministration of the A pents of the 
5 Invention 

The therapeutic agents of the invention, including a compound of 
formula (I)-(V), including their salts, are preferably administered so as to achieve 
serum levels of about 0.01 pM to about 100 nM, more preferably at doses of about 
0.01 pM to about 5 nM, and even more preferably at doses of about 0.1 pM to about 
10 2 nM, of the therapeutic agent. To achieve these levels, the agent may be 

administered at dosages of at least about 0.01 to about 100 mg/kg, more preferably 
about 0.1 to about 50 mg/kg, and even more preferably about 0.1 to about 30 mg/kg, 
of body weight, although other dosages may provide beneficial results. The amount 
administered will vary depending on various factors including, but not limited to, 
1 5 the agent chosen, the disease, whether prevention or treatment is to be achieved, and 
if the agent is modified for bioavailability and in vivo stability. 

Administration of sense or antisense nucleic acid molecule may be 
accomplished through the introduction of cells transformed with an expression 
cassette comprising the nucleic acid molecule (see, for example, WO 93/02556) or 
20 the administration of the nucleic acid molecule (see, for example, Feigner et al., U.S. 
Patent No. 5,580,859, Pardoll et al., Immunity, 3, 165 (1995); Stevenson et al., 
Immunol. Rev.. Ji£, 21 1 (1995); Moiling, T Mol. Med.. 21 242 (1997); Donnelly 
et al., Ann NY Acad.Sci.. 222, 40 (1995); Yang et al., Mol Med. Today, 2, 476 
(1996); Abdallah et al., Biol. Cell . 85. 1 (1995)). Pharmaceutical formulations, 
25 dosages and routes of administration for nucleic acids are generally disclosed, for 

example, in Feigner et al., supra. 

The amount of therapeutic agent administered is selected to treat a particular 
indication. For example, to treat malaria, higher doses of peptide 2, its variants or 
derivatives, may be administered, while smaller doses of peptide 2, its variants or 
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derivatives, are useful to prevent or inhibit HIV infection. The therapeutic agents of 
the invention are also amenable to chronic use for prophylactic purposes, preferably 

by systemic administration. 

Administration of the therapeutic agents in accordance with the present 
5 invention may be continuous or intermittent, depending, for example, upon the 
recipient's physiological condition, whether the purpose of the administration is 
therapeutic or prophylactic, and other factors known to skilled practitioners. The 
administration of the agents of the invention may be essentially continuous over a 
preselected period of time or may be in a series of spaced doses. Both local and 
10 systemic administration is contemplated. 

One or more suitable unit dosage forms comprising the therapeutic agents of 
the invention, which, as discussed below, may optionally be formulated for 
sustained release, can be administered by a variety of routes including oral, or 
parenteral, including by rectal, buccal, vaginal and sublingual, transdermal, 
1 5 subcutaneous, intravenous, intramuscular, intraperitoneal, intrathoracic, 

intrapulmonary and intranasal routes. The formulations may, where appropriate, be 
conveniently presented in discrete unit dosage forms and may be prepared by any of 
the methods well known to pharmacy. Such methods may include the step of 
bringing into association the therapeutic agent with liquid carriers, solid matrices, 
20 semi-solid carriers, finely divided solid carriers or combinations thereof, and then, if 
necessary, introducing or shaping the product into the desired delivery system. 

When the therapeutic agents of the invention are prepared for oral 
administration, they are preferably combined with a pharmaceutically acceptable 
carrier, diluent or excipient to form a pharmaceutical formulation, or unit dosage 
25 form. The total active ingredients in such formulations comprise from 0.1 to 99.9% 
by weight of the formulation. By "pharmaceutically acceptable" it is meant the 
carrier, diluent, excipient, and/or salt must be compatible with the other ingredients 
of the formulation, and not deleterious to the recipient thereof. The active ingredient 
for oral administration may be present as a powder or as granules; as a solution, a 
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suspension or an emulsion; or in achievable base such as a synthetic resin for 
ingestion of the active ingredients from a chewing gum. The active ingredient may 
also be presented as a bolus, electuary or paste. 

Formulations suitable for vaginal administration may be presented as 
5 pessaries, tampons, creams, gels, pastes, douches, lubricants, foams or sprays 

containing, in addition to the active ingredient, such carriers as are known in the art 
to be appropriate. Formulations suitable for rectal administration may be presented 
as suppositories. 

Pharmaceutical formulations containing the therapeutic agents of the 
10 invention can be prepared by procedures known in the art using well known and 
readily available ingredients. For example, the agent can be formulated with 
common excipients, diluents, or carriers, and formed into tablets, capsules, 
suspensions, powders, and the like. Examples of excipients, diluents, and carriers 
that are suitable for such formulations include the following fillers and extenders 
15 such as starch, sugars, mannitol, and silicic derivatives; binding agents such as 
carboxymethyl cellulose, HPMC and other cellulose derivatives, alginates, gelatin, 
and polyvinyl-pyrrolidone; moisturizing agents such as glycerol; disintegrating 
agents such as calcium carbonate and sodium bicarbonate; agents for retarding 
dissolution such as paraffin; resorption accelerators such as quaternary ammonium 
20 compounds; surface active agents such as cetyl alcohol, glycerol monostearate; 

adsorptive carriers such as kaolin and bentonite; and lubricants such as talc, calcium 
and magnesium stearate, and solid polyethyl glycols. 

For example, tablets or caplets containing the agents of the invention can 
include buffering agents such as calcium carbonate, magnesium oxide and 
25 magnesium carbonate. Caplets and tablets can also include inactive ingredients such 
as cellulose, pregelatinized starch, silicon dioxide, hydroxy propyl methyl cellulose, 
magnesium stearate, microcrystalline cellulose, starch, talc, titanium dioxide, 
benzoic acid, citric acid, corn starch, mineral oil, polypropylene glycol, sodium 
phosphate, and zinc stearate, and the like. Hard or soft gelatin capsules containing 
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an agent of the invention can contain inactive ingredients such as gelatin, 
microcrystalline cellulose, sodium lauryl sulfate, starch, talc, and titanium dioxide, 
and the like, as well as liquid vehicles such as polyethylene glycols (PEGs) and 
vegetable oil. Moreover, enteric coated caplets or tablets of an agent of the invention 
5 are designed to resist disintegration in the stomach and dissolve in the more neutral 
to alkaline environment of the duodenum. 

The therapeutic agents of the invention can also be formulated as elixirs or 
solutions for convenient oral administration or as solutions appropriate for 
parenteral administration, for instance by intramuscular, subcutaneous or 

10 intravenous routes. 

The pharmaceutical formulations of the therapeutic agents of the invention 
can also take the form of an aqueous or anhydrous solution or dispersion, or 
alternatively the form of an emulsion or suspension. 

Thus, the therapeutic agent may be formulated for parenteral administration 
15 (e.g., by injection, for example, bolus injection or continuous infusion) and may be 
presented in unit dose form in ampules, pre-filled syringes, small volume infusion 
containers or in multi-dose containers with an added preservative. The active 
ingredients may take such forms as suspensions, solutions, or emulsions in oily or 
aqueous vehicles, and may contain formulatory agents such as suspending, 
20 stabilizing and/or dispersing agents. Alternatively, the active ingredients may be in 
powder form, obtained by aseptic isolation of sterile solid or by lyophilization from 
solution, for constitution with a suitable vehicle, e.g., sterile, pyrogen-free water, 
before use. 

These formulations can contain pharmaceuticaUy acceptable vehicles and 
25 adjuvants which are well known in the prior art. It is possible, for example, to 
prepare solutions using one or more organic solvent(s) that is/are acceptable from 
the physiological standpoint, chosen, in addition to water, from solvents such as 
acetone, ethanol, isopropyl alcohol, glycol ethers such as the products sold under the 
name "Dowanol", polyglycols and polyethylene glycols, C,-C 4 alkyl esters of short- 
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chain acids, preferably ethyl or isopropyl lactate, fatty acid triglycerides such as the 
products marketed under the name "Miglyol", isopropyl myristate, animal, mineral 
and vegetable oils and polysiloxanes. 

The compositions according to the invention can also contain thickening 
5 agents such as cellulose and/or cellulose derivatives. They can also contain gums 
such as xanthan, guar or carbo gum or gum arabic, or alternatively polyethylene 
glycols, bentones and montmorillonites, and the like. 

It is possible to add, if necessary, an adjuvant chosen from antioxidants, 
surfactants, other preservatives, film-forming, keratolytic or comedolytic agents, 
10 perfumes and colorings. Also, other active ingredients may be added, whether for 
the conditions described or some other condition. 

For example, among antioxidants, t-butylhydroquinone, butylated 
hydroxyanisole, butylated hydroxytoluene and cc-tocopherol and its derivatives may 
be mentioned. The galenical forms chiefly conditioned for topical application take 
15 the form of creams, milks, gels, dispersion or microemulsions, lotions thickened to a 
greater or lesser extent, impregnated pads, ointments or sticks, or alternatively the 
form of aerosol formulations in spray or foam form or alternatively in the form of a 
cake of soap. 

Additionally, the agents are well suited to formulation as sustained release 
20 dosage forms and the like. The formulations can be so constituted that they release 
the active ingredient only or preferably in a particular part of the intestinal or 
respiratory tract, possibly over a period of time. The coatings, envelopes, and 
protective matrices may be made, for example, from polymeric substances, such as 
polylactide-glycolates, liposomes, microemulsions, microparticles, nanoparticles, or 
25 waxes. These coatings, envelopes, and protective matrices are useful to coat 
indwelling devices, e.g., stents, catheters, peritoneal dialysis tubing, and the like. 

The therapeutic agents of the invention can be delivered via patches for 
transdermal administration. See U.S. Patent No. 5,560,922 for examples of patches 
suitable for transdermal delivery of a therapeutic agent. Patches for transdermal 
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delivery can comprise a backing layer and a polymer matrix which has dispersed or 
dissolved therein a therapeutic agent, along with one or more skin permeation 
enhancers. The backing layer can be made of any suitable material which is 
impermeable to the therapeutic agent. The backing layer serves as a protective 
5 cover for the matrix layer and provides also a support function. The backing can be 
formed so that it is essentially the same size layer as the polymer matrix or it can be 
of larger dimension so that it can extend beyond the side of the polymer matrix or 
overlay the side or sides of the polymer matrix and then can extend outwardly in a 
manner that the surface of the extension of the backing layer can be the base for an 
10 adhesive means. Alternatively, the polymer matrix can contain, or be formulated of, 
an adhesive polymer, such as polyacrylate or acrylate/vinyl acetate copolymer. For 
long-term applications it might be desirable to use microporous and/or breathable 
backing laminates, so hydration or maceration of the skin can be minimized. 

Examples of materials suitable for making the backing layer are films of high 
15 and low density polyethylene, polypropylene, polyurethane, polyvinylchloride, poly- 
esters such as polyethylene phthalate), metal foils, metal foil laminates of such 
suitable polymer films, and the like. Preferably, the materials used for the backing 
layer are laminates of such polymer films with a metal foil such as aluminum foil. 
In such laminates, a polymer film of the laminate will usually be in contact with the 

20 adhesive polymer matrix. 

The backing layer can be any appropriate thickness which will provide the 
desired protective and support functions. A suitable thickness will be from about 10 

to about 200 microns. 

Generally, those polymers used to form the biologically acceptable adhesive 
25 polymer layer are those capable of forming shaped bodies, thin walls or coatings 
through which therapeutic agents can pass at a controlled rate. Suitable polymers 
are biologically and pharmaceutically compatible, nonallergenic and insoluble in 
and compatible with body fluids or tissues with which the device is contacted. The 
use of soluble polymers is to be avoided since dissolution or erosion of the matrix by 
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skin moisture would affect the release rate of the therapeutic agents as well as the 
capability of the dosage unit to remain in place for convenience of removal. 

Exemplary materials for fabricating the adhesive polymer layer include 
polyethylene, polypropylene, polyurethane, ethylene/propylene copolymers, 
5 ethylene/ethylacrylate copolymers, ethylene/vinyl acetate copolymers, silicone 
elastomers, especially the medical-grade polydimethylsiloxanes, neoprene rubber, 
polyisobutylene, polyacrylates, chlorinated polyethylene, polyvinyl chloride, vinyl 
chloride-vinyl acetate copolymer, crosslinked polymethacrylate polymers (hydro- 
gel), polyvinylidene chloride, polyethylene terephthalate), butyl rubber, 
10 epichlorohydrin rubbers, ethylenvinyl alcohol copolymers, ethylene-vinyloxyethanol 
copolymers; silicone copolymers, for example, polysiloxane-polycarbonate 
copolymers, polysiloxanepolyethylene oxide copolymers, polysiloxane- 
polymethacrylate copolymers, polysiloxane-alkylene copolymers (e.g., polysiloxane- 
ethylene copolymers), polysiloxane-alkylenesilane copolymers (e.g., polysiloxane- 
15 ethylenesilane copolymers), and the like; cellulose polymers, for example methyl or 
ethyl cellulose, hydroxy propyl methyl cellulose, and cellulose esters; 
polycarbonates; polytetrafluoroethylene; and the like. 

Preferably, a biologically acceptable adhesive polymer matrix should be 
selected from polymers with glass transition temperatures below room temperature. 
20 The polymer may, but need not necessarily, have a degree of crystallinity at room 
temperature. Cross-linking monomelic units or sites can be incorporated into such 
polymers. For example, cross-linking monomers can be incorporated into 
polyacrylate polymers, which provide sites for cross-linking the matrix after 
dispersing the therapeutic agent into the polymer. Known cross-linking monomers 
25 for polyacrylate polymers include polymethacrylic esters of polyols such as butylene 
diacrylate and dimethacrylate, trimethylol propane trimethacrylate and the like. 
Other monomers which provide such sites include allyl acrylate, allyl methacrylate, 
diallyl maleate and the like. 
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Preferably, a plasticizer and/or humectant is dispersed within the adhesive 
polymer matrix. Water-soluble polyols are generally suitable for this purpose. 
Incorporation of a humectant in the formulation allows the dosage unit to absorb 
moisture on the surface of skin which in turn helps to reduce skin irritation and to 
5 prevent the adhesive polymer layer of the delivery system from failing. 

Therapeutic agents released from a transdermal delivery system must be 
capable of penetrating each layer of skin. In order to increase the rate of permeation 
of a therapeutic agent, a transdermal drug delivery system must be able in particular 
to increase the permeability of the outermost layer of skin, the stratum comeum, 
10 which provides the most resistance to the penetration of molecules. The fabrication 
of patches for transdermal delivery of therapeutic agents is well known to the art. 

For administration to the upper (nasal) or lower respiratory tract by 
inhalation, the therapeutic agents of the invention are conveniently delivered from 
an insufflator, nebulizer or a pressurized pack or other convenient means of 
15 delivering an aerosol spray. Pressurized packs may comprise a suitable propellant 
such as dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, 
carbon dioxide or other suitable gas. In the case of a pressurized aerosol, the dosage 
unit may be determined by providing a valve to deliver a metered amount. 
Alternatively, for administration by inhalation or insufflation, the 
20 composition may take the form of a dry powder, for example, a powder mix of the 
therapeutic agent and a suitable powder base such as lactose or starch. The powder 
composition may be presented in unit dosage form in, for example, capsules or 
cartridges, or, e.g., gelatine or blister packs from which the powder may be 
administered with the aid of an inhalator, insufflator or a metered-dose inhaler. 
25 For intra-nasal administration, the therapeutic agent may be administered via 

nose drops, a liquid spray, such as via a plastic bottle atomizer or metered-dose 
inhaler. Typical of atomizers are the Mistometer (Wintrop) and the Medihaler 
(Riker). 
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The local delivery of the therapeutic agents of the invention can also be by a 
variety of techniques which administer the agent at or near the site of disease. 
Examples of site-specific or targeted local delivery techniques are not intended to be 
limiting but to be illustrative of the techniques available. Examples include local 
5 delivery catheters, such as an infusion or indwelling catheter, e.g., a needle infusion 
catheter, shunts and stents or other implantable devices, site specific carriers, direct 
injection, or direct applications. 

For topical administration, the therapeutic agents may be formulated as is 
known in the art for direct application to a target area. Conventional forms for this 
10 purpose include wound dressings, coated bandages or other polymer coverings, 
ointments, creams, lotions, pastes, jellies, sprays, and aerosols, as well as in 
toothpaste and mouthwash, or by other suitable forms, e.g., via a coated condom. 
Ointments and creams may, for example, be formulated with an aqueous or oily base 
with the addition of suitable thickening and/or gelling agents. Lotions may be 
1 5 formulated with an aqueous or oily base and will in general also contain one or more 
emulsifying agents, stabilizing agents, dispersing agents, suspending agents, 
thickening agents, or coloring agents. The active ingredients can also be delivered 
via iontophoresis, e.g., as disclosed in U.S. Patent Nos. 4,140,122; 4,383,529; or 
4,051,842. The percent by weight of a therapeutic agent of the invention present in 
20 a topical formulation will depend on various factors, but generally will be from 
0.01% to 95% of the total weight of the formulation, and typically 0.1-25% by 
weight. 

When desired, the above-described formulations can be adapted to give 
sustained release of the active ingredient employed, e.g., by combination with 
25 certain hydrophilic polymer matrices, e.g., comprising natural gels, synthetic 
polymer gels or mixtures thereof. 

Drops, such as eye drops or nose drops, may be formulated with an aqueous 
or non-aqueous base also comprising one or more dispersing agents, solubilizing 
agents or suspending agents. Liquid sprays are conveniently delivered from 
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pressurized packs. Drops can be delivered via a simple eye dropper-capped bottle, 
or via a plastic bottle adapted to deliver liquid contents dropwise, via a specially 
shaped closure. 

The therapeutic agent may further be formulated for topical administration in 
5 the mouth or throat. For example, the active ingredients may be formulated as a 
lozenge further comprising a flavored base, usually sucrose and acacia or tragacanth; 
pastilles comprising the composition in an inert base such as gelatin and glycerin or 
sucrose and acacia; mouthwashes comprising the composition of the present 
invention in a suitable liquid carrier; and pastes and gels, e.g., toothpastes or gels, 
1 0 comprising the composition of the invention. 

The formulations and compositions described herein may also contain other 
ingredients such as antimicrobial agents, or preservatives. Furthermore, the active 
ingredients may also be used in combination with other therapeutic agents, for 
example, oral contraceptives, bronchodilators, anti-viral agents, steroids and the 

15 like. 

Sustained Released Dnsape Forms 

Sustained release dosage forms of the invention may comprise microparticles 
and/or nanoparticles having a therapeutic agent dispersed therein. The therapeutic 
dosage forms of this aspect of the present invention may be of any configuration 
20 suitable for sustained release. Preferred sustained release therapeutic dosage forms 
exhibit one or more of the following characteristics: 

- microparticles (e.g., from about 0.5 micrometers to about 100 micrometers 
in diameter, with about 0.5 to about 2 micrometers more preferred; or from about 
0.01 micrometers to about 200 micrometers in diameter, preferably from about 0.5 
25 to about 50 micrometers, and more preferably from about 2 to about 1 5 

micrometers) or nanoparticles (e.g., from about 1.0 nanometer to about 1000 
nanometers in diameter, with about 50 to about 250 nanometers being more 
preferred; or from about 0.01 nanometer to about 1000 nanometers in diameter, 
preferably from about 50 to about 200 nanometers), free flowing powder structure; 
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- biodegradable structure designed to biodegrade over a period of time 
preferably between from about 0.5 to about 180 days, preferably from about 1-3 to 
about 150 days, or from about 3 to about 180 days, with from about 10 to about 21 
days more preferred; or non-biodegradable structure to allow therapeutic agent 

5 diffusion to occur over a time period of between from about 0.5 to about 1 80 days, 
more preferably from about 30 to about 120 days; or from about 3 to about 180 days, 
with from about 10 to about 21 days preferred; 

- biocompatible with target tissue and the local physiological environment 
into which the dosage form to be administered, including yielding biocompatible 

10 biodegradation products; 

- facilitate a stable and reproducible dispersion of therapeutic agent therein, 
preferably to form a therapeutic agent-polymer matrix, with active therapeutic agent 
release occurring by one or both of the following routes : (1) diffusion of the 
therapeutic agent through the dosage form (when the therapeutic agent is soluble in 

1 5 the shaped polymer or polymer mixture defining the dimensions of the dosage 

form); or (2) release of the therapeutic agent as the dosage form biodegrades; and/or 

- for targeted dosage forms, capability to have, preferably, from about 1 to 
about 10,000 binding protein/peptide to dosage form bonds and more preferably, a 
maximum of about 1 binding peptide to dosage form bond per 150 square angstroms 

20 of particle surface area. The total number of binding protein/peptide to dosage form 
bonds depends upon the particle size used. The binding proteins or peptides are 
capable of coupling to the particles of the therapeutic dosage form through covalent 
ligand sandwich or non-covalent modalities as set forth herein. 

Nanoparticle sustained release therapeutic dosage forms are preferably 
25 biodegradable and, optionally, bind to the vascular smooth muscle cells and enter 
those cells, primarily by endocytosis. The biodegradation of the nanoparticles 
occurs over time (e.g., 30 to 120 days; or 10 to 21 days) in prelysosomic vesicles 
and lysosomes. Preferred larger microparticle therapeutic dosage forms of the 
present invention release the therapeutic agents for subsequent target cell uptake 
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with only a few of the smaller microparticles entering the cell by phagocytosis. A 
practitioner in the art will appreciate that the precise mechanism by which a target 
cell assimilates and metabolizes a dosage form of the present invention depends on 
the morphology, physiology and metabolic processes of those cells. The size of the 
5 particle sustained release therapeutic dosage forms is also important with respect to 
the mode of cellular assimilation. For example, the smaller nanoparticles can flow 
with the interstitial fluid between cells and penetrate the infused tissue. The larger 
microparticles tend to be more easily trapped interstitially in the infused primary 
tissue, and thus are useful to therapeutic agents. 
10 Preferred sustained release dosage forms of the present invention comprise 

biodegradable microparticles or nanoparticles. More preferably, biodegradable 
microparticles or nanoparticles are formed of a polymer containing matrix that 
biodegrades by random, nonenzymatic, hydrolytic scissioning to release therapeutic 
agent, thereby forming pores within the particulate structure. 
15 ' Polymers derived from the condensation of alpha hydroxycarboxylic acids 

and related lactones are preferred for use in the present invention. A particularly 
preferred moiety is formed of a mixture of thermoplastic polyesters (e.g., polylactide 
or polyglycolide) or a copolymer of lactide and glycolide components, such as 
poly(lactide-co-glycolide). An exemplary structure, a random poly(DL-lactide-co- 
20 glycolide), is shown below, with the values of x and y being manipulate by a 

practitioner in the art to achieve desirable microparticle or nanoparticle properties. 
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Other agents suitable for forming particulate dosage forms of the present 
invention include polyorthoesters and polyacetals ( Polymer letters , 18:293 (1980) 
and polyorthocarbonates (U.S. Patent No. 4,093,709) and the like. 

Preferred lactic acid/glycolic acid polymer containing matrix particles of the 
5 present invention are prepared by emulsion-based processes, that constitute 
modified solvent extraction processes, see, for example, processes described by 
Cowsar et al., »Poly(Lactide-Co-Glycolide) Microcapsules for Controlled Release of 
Steroids," M ^^Fxmmuilogv . 112:101-116, 1985 (steroid entrapment in 
microparticles); Eldridge et al., "Biodegradable and Biocompatible Poly(DL- 
10 Lactide-Co-Glycolide) Microspheres as an Adjuvant for Staphylococcal Enterotoxin 
B Toxoid Which Enhances the Level of Toxin-Neutralizing Antibodies," Infection 
and Immunity. 52:2978-2986, 1991 (toxoid entrapment); Cohen et al., "Controlled 
Delivery Systems for Proteins Based on Poly(Lactic/Glycolic Acid) Microspheres," 
Ph.rm.™iri«»1 Research. 8{6):713-720, 1991 (enzyme entrapment); and Sanders et 
15 al., "Controlled Release of a Luteinizing Hormone-Releasing Hormone Analogue 
from Poly(D,L-Lactide-Co-Glycolide) Microspheres," T Pharmaceutical Science , 
73(91 :1294-1297, 1984 (peptide entrapment). 

In general, the procedure for forming particle dosage forms of the present 
invention involves dissolving the polymer in a halogenated hydrocarbon solvent, 
20 dispersing a therapeutic agent solution (preferably aqueous) therein, and adding an 
additional agent that acts as a solvent for the halogenated hydrocarbon solvent but 
not for the polymer. The polymer precipitates out from the polymer-halogenated 
hydrocarbon solution onto droplets of the therapeutic agent containing solution and 
entraps the therapeutic agent. Preferably the therapeutic agent is substantially 
25 uniformly dispersed within the sustained release dosage form of the present 
invention. Following particle formation, they are washed and hardened with an 
organic solvent. Water washing and aqueous nonionic surfactant washing steps 
follow, prior to drying at room temperature under vacuum. 
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For biocompatibility purposes, particulate dosage forms, characterized by a 
therapeutic agent dispersed in the matrix of the particles, are sterilized prior to 
packaging, storage or administration. Sterilization may be conducted in any 
convenient manner therefor. For example, the particles can be irradiated with 
5 gamma radiation, provided that exposure to such radiation does not adversely 

impact the structure or function of the therapeutic agent dispersed in the therapeutic 
agent-polymer matrix or the binding protein/peptide attached thereto. If the 
therapeutic agent or binding protein/peptide is so adversely impacted, the particle 
dosage forms can be produced under sterile conditions. 
10 Release of the therapeutic agent from the particle dosage forms of the present 

invention can occur as a result of both diffusion and particle matrix erosion. The 
biodegradation rate directly effects the kinetics of therapeutic agent release. The 
biodegradation rate is regulable by alteration of the composition or structure of the 
sustained release dosage form. For example, alteration of the lactide/glycolide ratio 
15 in preferred dosage forms of the present invention can be conducted, as described by 
Tice et al., "Biodegradable Controlled-Release Parenteral Systems," Pharmaceutical 
Technology, pp. 26-35, 1984; by inclusion of agents that alter the rate of polymer 
hydrolysis, such as citric acid and sodium carbonate, as described by Kent et al., 
"Microencapsulation of Water Soluble Active Polypeptides," U.S. Patent No. 
20 4,675,1 89; by altering the loading of therapeutic agent in the lactide/glycolide 
polymer, the degradation rate being inversely proportional to the amount of 
therapeutic agent contained therein, by judicious selection of an appropriate analog 
of a common family of therapeutic agents that exhibit different potencies so as to 
alter said core loadings; and by variation of particle size, as described by Beck et al., 
25 "Poly(DL-Lactide-Co-Glycolide)/Norethisterone Microcapsules: An Injectable 
Biodegradable Contraceptive," Bjoi^eprpA, 2a.l86-195, 1983, or the like. All of 
the aforementioned methods of regulating biodegradation rate influence the intrinsic 
viscosity of the polymer containing matrix, thereby altering the hydration rate 
thereof. 
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The preferred lactide/glycolide structure is biocompatible with the 
mammalian physiological environment. Also, these preferred sustained release 
dosage forms have the advantage that biodegradation thereof forms lactic acid and 
glycolic acid, both normal metabolic products of mammals. 
5 Functional groups required for binding of the protein/peptide to the particle 

dosage form are optionally included in or on the particle matrix and are attached to 
the non-degradable or biodegradable polymeric units. Functional groups that are 
useful for this purpose include those that are reactive with peptides, e.g., carboxyl 
groups, amine groups, sulfhydryl groups and the like. Preferred binding 
10 enhancement moieties include the terminal carboxyl groups of the preferred (lactide- 
glycolide) polymer containing matrix or the like. 

To employ the therapeutic agents of the invention to enhance the 
immunological response of a particular immunogen, e.g., the Haemophilis influenza 
type b (Hib) capsular polysaccharide (polyribosylribitol phosphate, PRP), the agents 
15 may be conjugated to the immunogen. Thus, for example, peptide 2(1-15)[MCP-1] 
may be covalently linked to PRP through a 6 carbon spacer molecule derived from 
adipic acid dihydrazide (see Gordon, Patent 83/4939, Republic of South Africa, 
1984), and administered in a manner similar to that described in Eskola et al., 
Lancet, i, 1184 (1985). The use of nucleic acid molecules to prepare vaccines is 
20 described in, for example, Feigner et al., supra and Stevenson et al., supra. 

A vaccine of the invention may also comprise cells or viruses having nucleic 
acid encoding the immunogen and a peptide or variant peptide of the invention or its 
complement, optionally as a fusion protein. 

For a general description of vaccine principles and practice, see Ada, In: 
25 ^^iTn^nnology. 2 nd cd., Raven Press Ltd., N.Y., pp. 985-1030 (1989). 
v p^*;™ nf thP Peptide ? Tnvpntmn in Phvsiolopical Fluid 

Analysis of peptide 3 in blood and urine was performed on a semi-permeable 
surface (SPS) HPLC column (restricted access media). Serum or other protein- 
containing samples can be injected directly onto an SPS column (e.g., SPS-C18 with 
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a column size of 4.6 mm x 250 mm; using a mobile phase: A: 0.1% TFA in water, 
B: 0.1% TFA in acetonitrile: 0-5 min - 5% B, 5-30 min - 60% B, 30-40 min - 5% 
B detector; 215 nm). The outer phase of the column forms a semipermeable surface 
that prevents large molecules from reaching the inner phase. Small molecules 
5 penetrate the semipermeable surface and interact with the inner reversed phase. 

Standards of peptide 3 (range of 1.5 ug/ml to 1000 ug/ml) in PBS were 
injected and a standard curve was created. 20 ul of serum and urine were injected 
and the areas under the peptide 3 peaks were obtained. The concentration was then 
calculated from the standard curve. This method can detect at least about 20 ug/ml 
10 of a peptide in physiological fluid samples. 

The invention will be further described by, but is not limited to, the 

following examples. 

Example 1 

15 TH.ntifir.tinn and rw a .te.ri 7a tion of Pan-Chemokine Peptide Inhibitors 

Based on an alignment of MCP-1 sequences from different species, three 
regions in MCP-1 were identified which were conserved between all the species 
examined. Three purified (>95% purity) peptides (12-15mers) were prepared which 
had the greatest sequence homology between the human and mouse MCP-1 

20 sequences (Table 1). These peptides were screened for their ability to inhibit 
hMCP-1 induced THP-1 migration. Similarly, the sequences of Xenopus laevis 
TGF-betal and TGF-beta3 and human TGF-betal and TGF-beta3 were compared, 
and 3 regions (each lOmer) of perfect homology were identified. These peptides 

were termed "betatides". 
25 For this assay, THP-1 cells were maintained at a density of 4 x 10 5 cells per 

ml in RPMI-1640 supplemented with 10% fetal calf serum + 20 uM 
2-mercaptoethanol. Chemotaxis was induced in a 96-well disposable chemotaxis 
chamber fitted with a 5 uM polycarbonate filter (PVP free, ChemoTX, Neuroprobe 
Inc., Cabin John). Twenty-nine ul of chemoattractant (recombinant human 
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chemokine; 50 ng/ml, i.e., 5.9 nM) or control (100 ng/ml TGFp) was added to the 
lower compartment of each well. The framed filter was aligned with the holes in the 
corner of the filter frame and placed over the wells. Five x 10 4 THP-1 cells in 25 ul 
of RPMI-1640 culture media were added to the upper compartment. Peptides were 
5 dissolved in Milli Q water and then serially diluted in culture medium. In most 
cases, the serially diluted peptides were added to the upper compartment of the 
chemotaxis chamber. The chamber was incubated at 37°C in a humidified 
atmosphere of 5% C0 2 for 4 hours. 

After incubation, the cells were gently removed from the top of the filter 
10 with a pipette, 20 ul of 20 mM EDTA in PBS was added into each top well, and the 
mixture was incubated for 20 minutes at 4°C. The filter was then carefully flushed 
with media using a gentle flow, and removed. A standard curve was prepared to 
accurately quantify the number of THP-1 cells that had migrated. The curve was 
based on a two-fold dilution series of THP-1 cells (top standard 100,000 cells in 
1 5 29 ul). Cells which had migrated, and in separate wells, the cells in the standards, 
were stained with 3 ul of MTT stock solution which was added directly into each 
well (5 mg/ml in RPMI 1640 without phenol red, Sigma Chemical Co.) and 
incubated at 37°C for 4 hours. The media was carefully aspirated from each well, 
and the converted dye was solubilized by 20 ul of DMSO. Absorbance of converted 
20 dye was measured at a wavelength of 595 nM using an ELISA plate reader. The 
number of cells that had migrated in each well was determined by interpolation of 
the standard curve. 

Peptide 1[MCP-1] (see Table 1; SEQ ID NO:2), i.e., the N-terminal peptide 
of human MCP-1, was only weakly active in the migration assay (ED 50 > 100 uM; 
25 10% inhibition at 100 uM, p = 0.27). Peptide 2[MCP-1] (Table 1; SEQ ID NO:3) 
was also a weak inhibitor of chemokine-induced migration (ED 50 > 100 uM; 19% 
inhibition at 100 uM, p = 0.09). Thus, in the presence of a strong agonist, i.e., 
MCP-1, peptide 2[MCP-1] having SEQ ID NO:3, a weak agonist, displaces MCP-1 
from its receptor. However, in the absence of a strong agonist, i.e., MCP-1, peptide 
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2[MCP-1] exhibited weak agonist properties, i.e., peptkk ^CMCM] 1*™^ 
chemotaxis. Surprisingly, peptide 2(l-15)[SDFla]U p&nt pan-cSemokine 

0^ . A 

antagonist properties. 

In contrast, peptide 3(1-12)[MCP-1] (Table 1; SEQ ID NO:l) was a highly 
5 effective inhibitor of MCP-1 induced THP-1 migration with a dose giving 50% 
inhibition (ED S0 ) of 8 ± 1 uM (n=4). A typical dose response curve is shown in 
Figure 2. At concentrations above 50 uM, peptide 3(1-12)[MCP-1] having SEQ ID 
NO:l abolished all of the MCP-1 induced THP-1 migration. 
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To determine whether the peptides were MCP-1 receptor antagonists, the 
peptides were introduced with the chemokine in the lower compartment (as opposed 
to with the cells in the upper compartment in the experiments described above; in 
the trans-well THP-1 migration assay. Under these conditions, peptide 1[MCP-1] 
5 having SEQ ID NO:2 was a more efficient inhibitor of MCP-1 induced chemokine 
migration that it had been when it was incubated with the cells, inhibiting 48% of 
the MCP-1 induced migration at 100 uM compared to 10% inhibition when peptide 
1[MCP-1] (SEQ ID NO:2) was incubated with the cells. This result is consistent 
with published reports which show that peptide 1[MCP-1] (SEQ ID NO:2) and its 
10 derivatives act by disrupting the MCP-1 dimer, forming inactive monomers. Peptide 
1[MCP-1] (SEQ ID NO:2) is not, therefore, a classical receptor-level antagonist of 
MCP-1 function. In marked contrast, peptide 3(1-12)[MCP-1] having SEQ ID NO:l 
was much less effective when incubated with the chemokine than with the cells 
(17% inhibition at 100 uM compared with >99% inhibition), suggesting that a 
15 peptide having SEQ ID NO:l inhibits MCP-1 induced migration by direct receptor 
antagonism. To confirm this observation, the binding affinity of an N-terminally 
biotinylated derivative of peptide 3(1-12)[MCP-1] (SEQ ID NO:l) was determined. 
This derivative bound to the surface of THP-1 cells with a ka of about 10 uM. 

Peptide 3(1-12)[MCP-1] (SEQ ID NO:l) also inhibited other functions of 
20 MCP-1, which maybe mediated by different combinations of receptors. MCP-1 has 
been reported to be a weak co-mitogen with 0.5% fetal calf serum for cultured 
smooth muscle cells. It was found that 100 uM peptide 3(M2)[MCP-1] (SEQ ID 
NO:l) completely abolished the co-mitogenic effect of MCP-1 for cultured smooth 
muscle cells, also consistent with the hypothesis that peptide 3(1-12)[MCP-1] (SEQ 
25 ID NO: 1) is an MCP-1 receptor antagonist. The observation that peptide 3(1- 
12)[MCP-1] (SEQ ID NO: 1) completely inhibits different responses to MCP-1 in 
different cell types suggests that peptide 3 may be a general antagonist of all 
chemokine receptors capable of binding and signaling in response to MCP-1. 
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To investigate the receptor specificity of peptide 3 inhibition, the ED* was 
determined for peptide 3(1-12)[MCP-1] (SEQ ID NO:l) inhibition of THP-1 
migration induced by chemokines which signal through different receptors than 
MCP-1 receptors. Representative chemokines included a beta-chemokine ("CC"), 
MlP-la, and two alpha-chemokines ("CXC"), IL-8 and SDF-la. Additionally, to 
determine the specificity of peptide 3(1-12)[MCP-1] (SEQ ID NO: 1) for chemokine 
receptors, TGF-beta was selected as a migration-inducing agent unrelated to the 
chemokine family, and as an agent which elicits a biological activity by signaling 
through identified, unrelated receptors. 

Peptide 3(1-12)[MCP-1] (SEQ ID NO:l) inhibited the THP-1 migration 
induced response to all four of the selected chemokines, with the order of potency: 
MIP-la ;> MCP-1 > SDFla * IL-8 (see Table 2). In contrast, peptide 1[MCP-1] 
(SEQ ID NO:2) or peptide 2(1-15)[MCP-1] (SEQ ID NO:3) did not inhibit 
migration in response to any of these chemokines by more than 20%, even at 
15 100 uM (Table 2). 



10 
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TABLE 2 



(a) EDso for inhibition of THP-1 migration 



10 



20 



PEPTIDE 



MCP-1 


ED 50 
MlPla 


(uM) versus 
IL8 SDF-la 


TGFP1 


n.s. b 


n.s. b 


n.s. n.s. 


n.s. 


n.s. 


n.s. 


n.s. n.s. 


n.s. 


8±1 


8±1 


14 ± 1 10±0 


n.s. 



Peptide 1(SEQ ID NO:2) 
Peptide 2 (SEQ ID NO:3) 



(b) Extent of inhibition of THP-1 migration at 100 uM 



15 PEPTIDE 



MCP-1 



% inhibition at 100 uM versus 
MlPla IL8 SDF-la TGFftl 



Peptide 1 (SEQIDNO:2) 
Peptide 2 (SEQ ID NO:3) 
Peptide 3 (SEQ ID NO: 1) 



n.s. 
n.s. 
112 



n.s. 
n.s. 
99 



n.s. 
n.s. 
103 



n.s. 
n.s. 
107 



n.s. 
n.s. 
n.s. 



(c) 



Extent of inhibition of human monocyte migration at 100 uM 



25 



PEPTIDE 

MCP- 1 

Peptide 1 (SEQ ID NO:2) n.s. 
Peptide 2 (SEQ ID NO:3) 
Peptide 3 (SEQ ID NO: 1) 



23 
108 



% inhibition at 100 uM versus 
MIPlcx IL8 SD F-la TGFpi 
n.s. n.s. n.s. 
n.s. n.s. n.s. 
120 106 108 



n.s. 
n.s. 
n.s. 



in « mean ±<?EM of at least three determinations 
30 ^ ^ptidefcleds^^ 

n.s. = no statistically significant inhibition (p > 0.05) 
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Furthennore, peptide 3(.-.2) L MCP-.] having SEQ ID NO:! (as we.l as peptide 
UMCP-1] (SEQ ID NO:2) and peptide 2 (1 -15)[MCP-1] (SEQ ID NO:3» d,d no, 
significantly inhibit THP-1 migration induced by TGF-btfa even a, 100 uM. Taken 
Jglr, these resnits demonstrated that peptide 3(1-12)^-.! (SEQIDNO,) . 
5 a genera, and specific inhibitor of chemokine signaling. Althoughpept.de 3(1- 
1MMCP-1] (SEQ ID NO:l) shows weak selectivity for CC chemokines over CXC 
chemokines, —ess, at .00 uM, peptide 3(...2,[MCP..l (SEQ ID NO: .) 
i ril ibi K >99%ofmemig ra .ioninducedbyan y ofthechemokinesofe.mer 

chemokine family tested (Table 2). Thus, although MCP-. signals d^ugh multiple 
,0 related receptors, peptide 3(1-12)[MCP-1] (SEQ ID NO:.) b.ocks all of the 
raptors which participate in the chemo.ac.ic and mitogen* signaling pathways 

elicited by MCP-1. mxIr>1 , „ 

TO exclude the possibility mat peptide 3(1-12)-MCP-1] (SEQ ID NO:l) was 
m „re effective onTHP-1 cells man primary human monocytes, *e effect of p=p«de 
15 3(1-12)[MCP-1] (SEQ ID NO:l) on the chemokine-induced migration of freshly 
p rep aredperiphe ra .b.o^monocytes f rom3donor S was,es«d. Similartothe 
results for THP-1 ceUs, .00 uM of peptide 3(1-12)[MCP..] (SEQ ID NO:l), bu, no, 
peptide 1 [MCP-1] (SEQ ID NO:2) orpep«de2(.-15)[MCP-l] (SEQ ID NO:3), 
inhibited all or almost all (>95%) of the migration induced with each of me four 
20 chemokines,bu.didno.aff=c,TGF-beUinducedmigra.ion. Thus, peptide 3(1- 
12)[MCP-1] (SEQ ID NO: 1) is an inhibitor of abroad range of pro-inflammatory 
chemokines which act on a wide range of targe, cells (smooth muscle cells, /THP-1, 
Jurkat T-cell line and primary human monocy.es). No,e ma, in contrast ,o THP-1 
ce,ls, peptide 2(1-.5)IMCP-1] (SEQ ID NO:3) inhibition of MCP-1 induced 
25 migration of primary human monocytes (20%) was statistical., significant (Table 2). 
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Fvam ple 1 
Fn n »nt g and Variant s of Peptide 3(1: 
nnri Pfp^" ? fMCP-11 
To determine whether a .ragmen, of peptide 3 has biologica. activi V and 

.M.V7 12VMCP-1] Peptide 3(7-12)[MCP-l](SEQ ID 
corresponding to peptide 3(7-12)lMLi- ij- v 

N0 :8> was as potent an inhibitor of CC chemokrne signaling as pept.de 3(f. 
n) [ MCP4KSEQm N 0: 1 ),bu,wasnoticeablymorepo^.a S a»,nh,b.»rofCXC 

lim u «rMCP-ll(SEOIDNO:8)was 
10 che„.oki»es(Table4). m contrast, W <.ds 3<l-6)rMCPl]( SKJ 

mu eh iess po.e„. as an id.ibi.or man peptide 3 (1 -12)rMCP-,] (SEQ ID NO.I). 



TABLE 3 

NAME 



15 ppptiH* 1 family 
Pepl 

peptide 7 family 
Pep2(l-15)[MCP1] 

Pep2(l-15)[SDF1] 

20 Pep2(l-14)[MIPla] 

Pep2(l-16)[0] 



SEQUENCE S OURCE , 



p^ptiHp ^ family 
Pep3(l-12)[MCP-1] 

Pep3(3-12)[MCP-1] 

25 Pep3(l-6)[MCP-1] 

Pep3(7-12)[MCP-1] 



AQPDAINAPVTCC 
(SEQIDNO:2) 

SYRRTTSSKCPKEAV 
(SEQIDNO-.3) 
HLKILNTPNCALQIV 
(SEQIDNO-.4) 

DYFETSSQCSKPGV 

(SEQIDNO:5) 

ELRVIESGPHCANTEI 

(SEQIDNO:6) 



EICADPKQKWVQ 
(SEQ ID NO: 1) 
CADPKQKWVQ 
(SEQIDNO:7) 

EICADP 
(SEQIDNO-.8) 

KQKWVQ 
SEOIDNO:9) 



Residues 1-13 of mature hMCP-1 

Residues 28-42 of mature hMCP-1 
Residues 26-40 of mature hSDF-lp 
Residues 28-41 of mature hMIPla 
Residues 27-42 of mature hIL-8 

Residues 50-61 of mature bMCP-1 
Residues 52-61 of mature hMCP-1 
Residues 50-55 of mature hMCP-1 
Residues 56-61 of mature hMCP-1 
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NAME 



SEQUENCE 



SOURCE 



Leu 4 Pep3 
(1-12)[MCP-1] 

Ser 7 Pep3 
(1-12)[MCP-1] 

5 Se^GlugGKPepS 
(1-12)[MCP-1] 

ne„Pep3 
(1-12)[MCP-1] 

Leu 4 ne n Pep3 
10 (1-12)[MCP-1] 
Unrelated control 
Peptide C 



EICLDPKQKWVQ 
(SEQIDNO:10) 
EICADPSQKWVQ 
(SEQIDNO:ll) 
EICADPSEEWVQ 
(SEQIDNO:12) 
EICADPKQKWIQ 
(SEQ ID NO: 13) 
EICLDPKQKWIQ 
(SEQIDNO:14) 

peptide 

CPSLEDSFIQVA 
(SEQ ID NO: 15) 



15 



D-ala-peptide 3(1- 
12¥MCP-11 



Mutant of peptide 3 

Mutant of peptide 3 

Residues 50-61 of mature hMIPlcc 

Mutant of peptide 3 

Mutant of peptide 3 



C-terminus of h Apo(a)RG-C 
protein 



TABLE 4 

Effect of Mutant Sequence Peptide 3 Derivatives on THP-1 Migration 
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PEPTIDE 

MCP1 


ED 50 
MlPla 


(uM) versus 
IL8 SDFla 


TGFP1 


Peptide 3 (SEQ ID NO: 1) 


8 


8 


14 


10 


n.s. 


Peptide 3[3-12] (SEQ ID NO:7) 


8 


7 


9 


9 


n.s. 


Peptide 3[l-6] (SEQIDNO:8) 


33 


25 


17 


19 


n.s. 


Peptide 3[7-12] (SEQ ID NO:9) 


7 


5 


6 


6 


n.s. 


Leu 4 peptide 3 (SEQ ID NO: 10) 


8 


7 


3 


3 


n.s. 


Ser 7 peptide 3 (SEQ ID NO:l 1) 


7 


6 


3 


4 


n.s. 


ne u peptide 3 (SEQ ID NO:13) 


6 


4 


2 


7 


n.s. 


Leu 4 Ile n peptide 3 (SEQ ID NO:14) 


2 


1 


3 


3 


n.s. 


Se^GlUgGl^pepS (SEQ ID NO: 12) 


7 


2 


9 


5 


n.s. 


WVQ 


8 


<1 


<1 


<1 


n.s. 


KQK 


7 


n.s. 


n.s. 


n.s. 


n.s. 


SEE 


n.s. 


6 


n.s. 


n.s. 


n.s. 
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Peptide 3(7-12)[MCP-l] (SEQ ID N0:9) showed essentially no selectivity, 
inhibiting migration by all chemokines tested with an ED S0 in the range of 7-9 |iM. 
Peptide 3(1-6)[MCP-1] (SEQ ID NO:8) was much less efficient at inhibiting the CC 
chemokines (ED 50 of about 30 uM) but only slightly less efficient at inhibiting CXC 
5 chemokines (18 uM) compared with peptide 3(1-12)[MCP-1] (SEQ ID NO:l). The 
selectivity ratio is defined as the average ED 50 for MCP-1 and MlPla divided by the 
average ED 50 for IL-8 and SDFla. Selectivity ratios of greater than 1 indicate 
greater inhibition of CC chemokines relative to CXC chemokines; selectivity ratios 
of less than 1 indicate greater inhibition of CXC chemokines relative to CC 
10 chemokines; and a selectivity ratio of 1 indicates that both families of cytokines are 
inhibited to the same extent. Hence, although it is overall a markedly weaker 
inhibitor of chemokine signaling, peptide 3(1-6)[MCP-1] (SEQ ID NO:8) showed a 
2-fold selectivity for CXC chemokines. Thus, peptide 3(1-6)[MCP-1] (SEQ ID 
NO:8) is a preferred inhibitor of the CXC chemokines, with a selectivity ratio of 0.7, 
15 while peptide 3(7-12)[MCP-l] (SEQ ID NO:9) is a preferred inhibitor of both 

classes of chemokines, with a selectivity ratio of 1 . 1 . The selectivity ratio for peptide 
3(1-12)[MCP-1] (SEQ ID NO:l) is 1.5. 

Peptide 3(3-12)[MCP-l] (SEQ ID NO:7) had very similar properties to 
peptide 3(1-12)[MCP-1] (SEQ ID NO:l). This result suggested that the glutamate 
20 (E) and isoleucine (I) residues at positions 1 and 2 of the peptide 3(1-12)[MCP-1] 
(SEQ ID NO:l) sequence, which are not conserved in chemokine sequences other 
than MCP- 1 , are unimportant for receptor binding. Alignment of all human 
chemokine sequences in the peptide 3 region indicate a common conserved motif 
present in almost all chemokines whether of the alpha or beta subfamily (Table 3). 
25 This motif is: Cx,DPx 2 x 3 x 4 Wx 5 Q. 

Furthermore, there is a pattern of amino acids in the variable positions x, 
through x 5 which suggests that the nature of the amino acid at these positions may 
play a role in determining the selectivity of receptor binding. For example, in the 
CC chemokine family, position x, is usually occupied by alanine (A), whereas this 
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position in commonly leucine (L) in the CXC chemokines except in SDF1 
(Isoleucine (I) in SDF-1). To test this hypothesis, the selectivity of Leu 4 peptide 3(1- 
12)[MCP-1] (SEQ ID NO:10) was compared to peptide 3(1-12)[MCP-1] (SEQ ID 
NO:l). While Leu 4 peptide 3(1-12)[MCP-1] (SEQ ID NO:10) showed an 
5 approximately 4-fold increase in potency as an inhibitor of CXC chemokines 
compared with ala-containing peptide 3(1-12)[MCP-1] (SEQ ID NO:l), there was 
no decrease in the potency of CC chemokine inhibition (Table 4). Thus, 
Leu 4 pe P tide 3(1-12)[MCP-1] (SEQ ID NC-.10) showed some CXC selectivity (a 
selectivity ratio of 0.37) and was the most CXC selective of all the derivatives tested 
10 other than the tripeptides (see below). 

As noted for position x, above, only three different amino acids appear at 
position x 5 (Table 1). Most chemokines have valine (V) at position x 5 as do the 
CXC chemokines IL-8 and MIP. In contrast, SDF-1 and IP10 have isoleucine (I) at 
this position, while ENA78 is the only chemokine with leucine (L) at this position. 
15 The results showed that Ile n pe P tide 3(1-12)[MCP-1] (SEQ ID NO:13) showed some 
CXC selectivity, though not as marked as Leu 4 peptide 3(M2)[MCP-1] (SEQ ID 
NO:10) (a selectivity ratio of 0.9), but surprisingly showed the greatest selectivity 
forIL-8(whichhasvalineatthisposition)notSDF-l. This analog was the most 
selective inhibitor of IL-8 signaling other than the tripeptides, i.e., the analog had a 
20 selectivity of IL-8 over other chemokines by about 3 fold. 

An analog having both the Leu 4 and lie,, substitutions did not show any 
greater specificity as an inhibitor of CXC chemokines than either single mutant 
Leu 4 peptide 3(1-12)[MCP-1] (SEQ ID NO:10) or He llP eptide 3(1-12)[MCP-1] 
(SEQ ID NO:13) (Table 6). However, LeuJlenPeptide 3(1-12)[MCP-1] (SEQ ID 
25 NO:14) was approximately 5-fold more potent as an inhibitor of CC chemokines 
than peptide 3(1-12)[MCP-1] (SEQ ID NO:l), or the single mutants Leu 4 peptide 
3(1-12)[MCP-1] (SEQ ID NO.10) or Ile llP eptide 3(1-12)[MCP-1] (SEQ ID NO:13). 
Thus, Leu 4 ne nP eptide 3(1-12)[MCP-1] (SEQ ID NO:14) was a more potent general 
chemokine inhibitor, with an average ED 50 of 2.3 uM compared with 10 uM for 
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peptide 3(1-12)[MCP-1] (SEQ ID N0:1). Furthermore, the Leu 4 Ile, .peptide 3(1- 
12)[MCP-1] (SEQ ID NO:14) unexpectedly preserved the modest CC selectivity of 
peptide 3(1-12)[MCP-1] (SEQ ID NO:l) with a selectivity ratio of 2.0. 
Surprisingly, therefore, the Leujle, .peptide 3(1-12)[MCP-1] (SEQ ID NO:*) was 
5 approximately 5-fold more potent as an inhibitor of MCP-1 signaling than peptide 
3(1-12)[MCP-1] (SEQ ID NO:l), despite the fact that peptide 3(1-12)[MCP-1] 
(SEQ ED NO:l) contains the cognate sequence from human MCP-l^Moreover, it 
was found that the Leslie, .peptide 3(3-12)[MCP-l] (SEQ ID NO.*), like 
Leu 4 Ile u peptide 3(1-12)[MCP-1] (SEQ ID NO:14), was a higher affinity peptide 
10 analog of peptide 3(1-12)[MCP-1] (SEQ ID NO:l). 

For positions x 2 through x 4 , all chemokines described to date have at least 
one charged amino acid in this tripeptide region (Table 1). Many chemokines have 
two basic residues occupying x 2 and x 4 (e.g., KQK in MCP-1, KER in MCP-2 and 
KLK in SDF-1) while others have two acidic residues (e.g., SEE in MlPla, SES m 
15 MIP1P, and SES in RANTES). A recent report (Nature Med., 1 367 (1997)) 

suggested that the charge in the extracellular loops of the chemokine receptors may 
be an important determinant of ligand specificity, e.g., CXCR4 which binds SDF-1 
is negatively charged, while CCR5, which binds MlPla, MIPip and RANTES is 
positively charged. Thus, residues x 2 -x 4 may play an important role in receptor 
20 specificity. 

To test this hypothesis, several variants were prepared: Ser 7 peptide 3(1- 
12)[MCP-1] (SEQ ID NO:l 1) substitutes the positively charged K residue present in 
MCP-1, MCP-2, Eotaxin, IL-8 and SDF-1 with the hydroxylated S residue present 
in MlP-la, MIP1P and RANTES. However, this alteration did not markedly alter 
25 the selectivity. In particular, this alteration did not decrease the potency of 
inhibition of MCP-1 signaling, nor increase the potency of inhibition of MIPlcc 
signaling (Table 4). The only detectable change was a modest shift from the 
moderate CC selectivity of peptide 3(1-12)[MCP-1] (SEQ ID NO:l) to a moderate 
CXC selectivity of the Ser 7 peptide 3(1-12)[MCP-1] (SEQ ID NO:l 1) variant (a 
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selectivity ratio of 0.5). Another variant, Se^Glu^peptide 3(1-12)[MCP-1] 
(SEQ ID NO:12) which converts the peptide from being the cognate of the MCP-1 
sequence to the cognate of the MlPla sequence, resulted in a more selective MlPla 
inhibitor, although the selectivity ratio for MlPla versus all other chemokines was 

5 only about 3 fold. 

None of the peptide 3(1-12)[MCP-1] variants had any detectable activity as 
an inhibitor of TGF-beta induced migration of THP-1 cells, even at 100 uM 
(Table 4). Thus, all these variants were highly selective inhibitors of chemokine- 
induced signaling. There were no substitutions which altered an amino acid residue 
10 in peptide 3(1-12)[MCP-1] to any other amino acid regions found in the chemokine 
sequences described above which markedly reduced the potency of the general 
chemokine inhibition observed. However, certain alterations resulted in a marked 
shift in selectivity. For example, the CC selectivity of peptide 3(1-12)[MCP-1] 
(SEQ ID NO: 1) can be converted to CXC selectivity by mutating A to L at position 
15 4 (x.) or by mutating V to I at position 1 1 (x 5 ). In particular, two variants had 
greater than 3-fold selectivity for one chemokine over the average ED 50 for all the 
others, i.e., Ile llP eptide 3(1-12)[MCP-1] (SEQ ID NO:13) had weak overall 
selectivity for IL8 inhibition and Ser^Glu.peptide 3(1-12)[MCP-1] (SEQ ID 
NO:12) had weak overall selectivity for MlPla. 
20 In summary, although peptide 3(1-12)[MCP-1] variants varied to a small 

extent in their ED 50 s and their specificity for either the a family or (5 family of 
chemokines, nevertheless, they were all similar to peptide 3(1-12)[MCP-1] (SEQ ID 
NO:l). The results in Table 6 showed that peptide 3(1-12)[MCP-1] (SEQ ID NO:l) 
and peptide 3(1-12)[MCP-1] variants inhibited migration induced by MCP-1, 
25 MlPla, IL8 and SDFloc chemokines to a similar extent. While some peptides or 
peptide variants showed slight preference for CC chemokines, others showed slight 
preference for CXC chemokines but in no case did the CC-specificity exceed two- 
fold. Peptide 3(1-12)[MCP-1] (SEQ ID NO:l), peptide 3(1-6)[MCP-1] (SEQ ID 
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N0:8) and peptide 3(7-12)[MCP-l] (SEQ ID N0:9) also showed no significant CC 
or CXC selectivity. 

Example 3 

5 ratification Characteri sation of Chemokine Sequences 

that are Func tional Agonists 
The results described above, that peptide 2(1-1 5)[MCP-1] (SEQ ID NO:3) 
did not inhibit MCP-1 activity in the THP-1 migration assay, did not exclude the 
possibility that peptide 2(1-1 5)[MCP-1] (SEQ ID NO:3) associates with the MCP-1 
10 receptor and either fails to inhibit MCP-1 binding and signaling, or acts as an 
agonist, preventing binding of MCP-1 but transducing an MCP-1 like signal. To 
determine whether peptide 2(1-1 5)[MCP-1] (SEQ ID NO:3) binds to chemokine 
receptors, THP-1 cells were mixed with a biotinylated derivative of peptide. Peptide 
2(1-15)[MCP-1] (SEQ ID NO:3) was found to bind to THP-1 cells with a 
15 reasonable affinity (kD = 1.9 uM), suggesting that peptide 2(1-15)[MCP-1] (SEQ ID 
NO:3) was able to interact with chemokine receptors without inhibiting chemokine 
signaling (a neutral binding agent). 

Unlike peptide 3, which represents a region that is relatively conserved 
between chemokines, there is much less marked sequence similarity in the peptide 2 
20 region of chemokines. Thus, peptide 2, derivatives or variants thereof, may possess 
more chemokine-specific effects. To test this hypothesis, the binding of biotinylated 
peptide 2(1-15)[MCP-1] (SEQ ID NO:3) to two different cell types, i.e., THP-1 cells 
and Jurkat cells, was compared. THP-1 cells express receptors for MCP-1, MIPlcc, 
SDF-la and IL-8 while Jurkat cells express functional receptors for SDF-1 only. 
25 Peptide 2(1-15)[MCP-1] (SEQ ID NO:3) bound to Jurkat cells with a similar kD (3 
uM) to THP-1 cells (1.9 uM). This observation suggests that, surprisingly, peptide 
2(1-15)[MCP-1] was able to bind to a number of different chemokine receptors, 
although the sequence of peptide 2(1-15)[MCP-1] (SEQ ID NO:3) shows little 
homology to the equivalent region from SDF-1 . 
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The functional agonist properties of peptide 2(1-15)[MCP-1] (SEQ ID 
NO:3) were characterized by incubating THP-1 cells with varying concentrations of 
peptide 2(1-15)[MCP-1] (SEQ ID NO:3) in a migration assay. Peptide 2(1- 
15)[MCP-1] (SEQ ID NO:3) had weak agonist activity (promoting migration with 

5 an ED S0 of about 10 uM) with maximal migration at 100 uM, which was 
approximately 10% of that induced by MCP-1. Thus, at high concentrations 
(>20 uM) peptide 2(1-15)[MCP-1] (SEQ ID NO:3), variants or derivatives thereof, 
may be useful for applications which require weak MCP-1 agonist activity (for 
example, for the therapy of parasitic infections where increased macrophage activity 

10 is desirable). Moreover, at lower concentrations (> 1 uM but < 20 uM), peptide 2, 
peptide 2 variants or derivatives may be useful as a neutral binding agent which may 
affect binding of non-MCP-1 proteins to the chemokine receptors. For example, 
peptide 2, derivatives or variants thereof, may be useful to prevent or inhibit HTV 
binding to chemokine receptors without inhibiting desirable chemokine signaling. 

15 

Example 4 

TrWifiration. Prpparation an d Characterization of Therapeutic Agents 
of the Inventi on for In Vivo Use 

A Derivatives 

20 Peptides are generally susceptible to chemical or enzymatic hydrolysis. In 

particular, peptides are not normally bioavailable by the oral route since they are not 
stable in the acid and proteolytic environment of the stomach. Thus, chemical or 
enzymatic hydrolysis leads to a very short in vivo half-life for peptides. To extend 
the half-life of agents susceptible to hydrolysis, in vitro active agents are modified in 

25 a manner that results in a derivative which may be orally bioavailable, have 
improved pharmacokinetics, and the administration of which may achieve 
concentrations in blood that inhibit chemokine activity. For example, cyclic- 
reverse-D (CRD) peptides may be prepared. CRD peptides are prepared by 
synthesizing the reverse sequence of the peptide (C-terminal to N-terminal) using 
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the opposite stereoisomer (D-amino acids in place of L amino acids). The resulting 
peptide is then cyclized via N- and C-terminal cysteine residues. These derivatives 
retain a very similar steric arrangement of atoms to non-CRD peptide, but are not 
subject to enzymatic hydrolysis. Other derivatives which may exhibit an extended 
5 half-life in vivo include thienyl or pyridyl derivatives (e.g., U.S. Patent No. 
4,992,463; U.S. Patent No. 5,091,396). 

For example, to prepare a peptide 3 derivative, peptide 3(3-12)[MCP-l] was 
modified according to Jameson et al. (Nature, 368, 744 (1994)), which yielded 
CRD-Cys^Le^IleHpeptide 3(3-12)[MCP-l] (Figure 4). CRD-Cys^LeuJle, .peptide 
10 3(3-12)[MCP-l], which had very similar properties to peptide 3(1-12)[MCP-1] 
(SEQ ID NO:l) in the in vitro assays described hereinabove, was found to be stable 
against both acid hydrolysis (<10% degradation at pH 2.0 for 2 hrs at 37°C) and 
enzymatic destruction (5 units trypsin for 2 hrs at 37°C). CRD- 
CySjjLe^nenpeptide 3(3-12)[MCP-l] was also resistant to hydrolysis in vivo and 
1 5 allowed therapeutically useful plasma concentrations to be achieved (> 10 uM 
24 hours after a single intraperitoneal dose of 1 mg of CRD-CySuLeuJle, .peptide 
3(3-12)[MCP-l] in 250 ul saline). 

Cyclic-reverse D (CRD), linear reverse-D (LRD), cyclic forward L (CFL), 
and linear forward L (LFL) (i.e., the standard form of peptides) derivatives of 
20 Leu 4 ne n peptide 3 were prepared and their MCP-1 inhibitory activity in the THP-1 
transwell assay determined. The results were 

LFL-Leu 4 He, .peptide 3 1 -5 uM 

LRD-Leu 4 ne u peptide 3 200-400 nM 

25 CFL-Cys, 3 Leu 4 Ile n peptide 3 500-700 nM 

CRD-Cys I3 Leu 4 Ile n peptide 3 50-100 nM 

These results show, somewhat surprisingly, that both cyclization and 
reverse-D derealization independently improve activity. This improvement is then 
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additive in the CRD derivative. Thus, cyclization improved affinity by constraining 
the conformations of the peptide. However, it was not expected that the reverse-D 
derealization would be so beneficial, possibly by increasing stability of the 

molecule. 

5 CRD-Cys 13 Leu 4 ne„peptide 3(3-12)[MCP-l] was found to be a very potent 

inhibitor of MCP-1 induced THP-1 migration (ED 50 of about 1 nM). This increased 
potency compared to the parent Leu 4 Ile peptide 3(1-12)[MCP-1] (SEQ ID NO:14) 
may reflect increased stability, even in vitro, or it may reflect the increased 
conformational stability of the peptide. Moreover, this compound binds to the 

10 signaling receptor with the same affinity as native full-length MCP-1 but does not 
signal. 

To determine if CRD-Leu^CySupeptide 3(3-12)[MCP-l] inhibited or 
enhanced the proliferation of T or B cells to conconavalin A or tetanus toxoid in 
culture, proliferation of CD4 T cells and B cells was assessed by CFSE-FITC cell 
15 labeling. 50 ng of CRD-Leu 4 ne M Cys 13 peptide 3(3-12) [MCP-1] inhibited ConA 
proliferation of CD4 T cells by 50% and 5 ng of CRD-Leu 4 Ile n Cys 13 peptide 3(3-12) 
[MCP-1] reduced ConA proliferation of CD4 T cells by < 3%. CRD- 
Leu 4 Ile n Cys 13 peptide 3(3-12)[MCP-l] had no effect on proliferation of B cells to 
tetanus toxoid. 

20 Computer modeling was employed to determine whether specific amino acid 

replacements affected the conformation of the peptide derivative CRD- 
Leu^Cysupeptide 3(3-12)[MCP-l]. The peptide sequence was entered into 
HyperChem 5.0 (HyperCube). A minimum energy conformation was sought using 
the Amber Force Field parameters and the Polak-Ribiere algorithm. The initial 

25 model was manipulated both by molecular dynamics simulations (300°K, 2 nsec) 
and manual sidechain rotations, followed by geometry optimization, until an 
apparent global minimum energy conformation was reached. Convergence criterion 
was <0.01 Kcal/mol A. A conformation was obtained using this procedure with an 
energy of about 213.4 kcal/mol. 
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To test the sensitivity of the model peptide to perturbations, each of the 
residues except the terminal cysteines forming the disulfide bond was mutated 
individually from D to L, and the geometry re-optimized, starting with the minimum 
conformation of the all D peptide. For these perturbations each mutant was first run 

5 through the geometry optimization routine, then a molecular dynamics simulation, 
then another geometry optimization. The resulting mutant peptides were compared 
to the all-D form by overlaying the disulfide bond and one adjacent atom, and 
visually assessing the difference between the peptide backbones. The overall 
conformation was insensitive to change of chirality at positions 2, 3, 4, 8, 9, and 10, 

10 but was sensitive to change of chirality at positions 5, 6, and 7. Generally, changes 
in sidechain position were minor except when the backbone conformation changed 
significantly. Energies for the mutants varied from -187.9 to -226.1 Kcal/mol, but 
the energy change (from -213.4 for the starting conformation) did not correlate with 

conformational change. 

15 In addition, the effect of modifying the aspartate residue at position 9 was 

examined by converting it sidechain carboxyl group to the D-alanyl amide. A 
minimum energy conformation of the modified peptide was sought using the same 
routine as for the chiral mutants, starting from the same minimum energy 
conformation. Condensation of D-alanine to the residue 9 sidechain carboxyl 

20 caused a major change in the conformation of the peptide. This is consistent with 
the in vitro monocyte migration data which demonstrated a significant loss in 
biological activity of the D-ala peptide relative to CRD-Leu 4 ne n Cys 13 peptide 3(3- 
12)[MCP-1]. 

Molecular modeling indicated that L-Leu-CRD-Leu 4 ne„Cys 13 peptide 3(3- 
25 12)[MCP-1], which is CRD-Leu 4 Ile I1 Cys 13 pe P tide 3(3-12)[MCP-l] with the D-Leu 
replaced with an L-Leu, should result in very little change to the conformation of the 
peptide backbone. In vitro migration studies with the L-Leu-derivative showed that 
it retained functional activity as well. Thus, to select for particular amino acid 
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substitutions which retain the conformation of a biologically active molecule of 
invention, molecular modeling may be employed. 

The following D-amino acid to L-amino acid changes had no significant 
impact on the structure of the peptide backbone as assessed by modeling. 



5 



10 



Amino Acid 


Position 


kcal/mole 


GLN 


2 


-205.5 


ILE 


3 


-202.4 


TRP 


4 


-222.0 


PRO 


8 


-226.1 


LEU 


10 


-211.9 



The following D-amino acid to L-amino acid changes had a significant 
impact on the structure of the peptide backbone as assessed by this technique. 
Amino Acid Position kcal/mole 

LYS 5 -200.1 

GLN 6 -211.6 

LYS 7 -187.9 

ASP 9 -214.9 



20 R PARC binding 

A further consideration for bioavailability is non-specific binding of the 
therapeutic agent. Red blood cells have a signaling-deficient chemokine receptor or 
binding protein, termed the Duffy Antigen Receptor for Chemokines (DARC). 
Although it does not signal, this receptor has a high affinity for chemokines (10 nM) 
25 and may play a role in clearing them from the circulation. Unfortunately, any 
chemokine receptor antagonist which has a high affinity for DARC may be 
sequestered by the huge pool of binding sites on red blood cells, and hence 
unavailable to inhibit productive chemokine signaling in other tissues. Similarly, 
agonists which bind DARC with high affinity are unavailable to productively signal 
30 through specific chemokine receptors. For in vivo use, an agent of the invention 
preferably has some affinity for DARC, since peptides which do not bind to DARC 
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are rapidly cleared at first pass by glomerular filtration. Thus, preferred agents have 
DARC binding (affinity constant) in the range 100 nM to 1 mM, more preferably in 
the range 1 uM to 100 uM and even more preferably in the range of 10 to 100 uM. 
Although the interaction of chemokines with DARC is high affinity 
5 (5-10 nM association constant), kinetically the interaction is characterized by 

extremely rapid on and off rates. Consequently, incubation with labeled chemokine 
leads to saturation of the DARC binding sites, but most of the bound label is lost 
within minutes of removing the unbound label (>90% loss within 3 minutes). As a 
result, it is difficult to directly determine the binding of peptides to DARC by 
10 assaying direct binding of biotinylated peptide, since the rapid off rates make 
determination of the amount of bound label impossible or inaccurate. 

To overcome this difficulty, the ka for association of DARC with peptide 
3(1-12)[MCP-1] (SEQ ID NO:l) and peptide 2(1-15)[MCP-1] (SEQ ID NO:3) was 
estimated by incubating red blood cells expressing DARC with '^-labeled MCP-1 
15 in the presence ofvarying concentrations of peptide. After binding has reached 
equilibrium (30 minutes at 37°C), the cells are separated from the unbound label by 
centrifugation for 5 minutes through a sucrose gradient. Counts associated with the 
cells are then determined by gamma-counting scintigraphy. In the absence of all 
peptides, the association constant for ^-labeled MCP-1 on human red blood cells 
20 was 5.45 nM, a value which is in accord with a previous report. Furthermore, 

Scatchard analysis confirms the presence of a single high affinity binding site with 
500-1000 copies per cell, consistent with the known properties of DARC. Thus, 
determination of 125 I-MCP-1 binding to red blood cells in this assay in the presence 
of various concentrations of the peptide(s) allows the association constant of the 
25 peptide for DARC to be accurately estimated. 

The DARC specificity ratio is also determined. The DARC specificity ratio 
is defined as the estimated ka for association with DARC divided by the ED S0 for 
biological activity. A DARC specificity ratio greater than 1 indicates that a peptide 
associates poorly with DARC and is bioavailable for modulating chemokine 
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signaling, either as an antagonist or agonist. A DARC specificity ratio of about 1 
indicates that the peptide binds DARC and the THP-1 signaling receptors with 
similar affinity. Thus, it may be difficult to achieve biologically active (as a 
chemokine inhibitor) concentrations of these peptides in vivo without further 
5 modifications of the peptide. A DARC specificity ratio less than 1 indicates much 
higher affinity for DARC than for chemokine signaling receptors. 

Peptide 1[MCP-1] (SEQ ID NO:2)(which does not bind to chemokine 
receptors but functions in a dominant negative fashion) showed no binding to 
DARC (estimated ka > 100 uM). In marked contrast, the weak agonist peptide 2(1- 
10 15)[MCP-1] (SEQ ID NO:3) showed high affinity binding to DARC. The 

association constant for peptide 2(1-15)[MCP1] (SEQ ID NO:3) for chemokine 
receptors on THP-1 cells was estimated at 2 uM using competition binding analysis. 
However, this peptide had an affinity for DARC of less than 500 nM, also assessed 
by competition binding analysis, using red blood cells. Thus, peptide 2(1- 
15 15)[MCP1] (SEQ ID NO:3) binds to THP-1 cell chemokine receptors, although it 
does not inhibit signaling through the receptors, and it binds DARC even more 
strongly (DARC selectivity ratio = 0.1-0.2). Thus, peptide 2 is a preferred 
therapeutic agent for the treatment or prevention of malaria (an action requiring 
DARC inhibition, but not modulation of chemokine signaling). 
20 Peptides, such as peptide 2(1-1 5)[MCP-1] (SEQ ID NO:3) which have very 

high affinity for the DARC receptor, may have strong biological agonist activity in 
vivo (although they are only weak agonists or neutral agonists in vitro). Moreover, 
peptide 2, variants and derivatives thereof may be strongly pro-inflammatory in vivo, 
or strongly exacerbate existing inflammation by preventing DARC from performing 
25 the function of binding chemokines. If DARC functions as a sink to remove 
chemokines from the circulation, then the concentration of chemokines may be 
markedly increased by the presence of peptide 2. Under conditions where 
chemokines are being made a released into the circulation (e.g., during 
inflammation), peptide 2 may exacerbate that inflammation, allow the inflammation 
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to persist longer than in the absence of the peptide or otherwise change the 
qualitative nature of the inflammatory reaction. For these reasons, peptides with a 
low DARC specificity ratio are useful for the treatment of conditions which require 
improved immune function, or conditions which are characterized by a 
5 pathologically inadequate inflammatory response. 

MlPl-a has previously been shown to be the only chemokine which does not 
bind with significant affinity to DARC. Peptide 2(1-9)[MCP-1] had a Duffy affinity 
of about 50 uM while peptide 2(l-15)[MIPl-a] (SEQ ID NO:5) was a potent 
receptor binding agent for the MIP 1 -a receptor and had excellent specificity over 
[0 DARC. That is, peptide 2(l-15)[MIPla] (SEQ ID NO:5) did not bind to DARC 
(association constant > 50 uM) but bound strongly to chemokine receptors on 
THP-1 cells (association constant = 100-900 nM; number of binding sites is about 
150,000 per cell). Moreover, this agent did not inhibit THP-1 cell migration 
induced by MCP-1, MlPla, IL-8, or SDFla. Thus, this latter agent may be 
15 particularly useful as a neutral chemokine receptor binding agent in vivo, highly 

selective over DARC. 

Peptide 3(1-12)[MCP-1] (SEQ ID NO:l) also binds to DARC, although it 
binds to DARC with only a similar affinity to which it binds to the chemokine 
receptors (low ,M concentration range). Leu 4 ile, .peptide 3(1-12)[MCP-1] (SEQ ID 
20 NO:14) had essentially no DARC binding capacity, while inhibiting MCP1 induced 
migration at concentrations around 1 uM. Thus, peptide 3 derivatives, such as 
leu 4 ile llP eptide 3(1-12)[MCP-1] (SEQ ID NO:14) may achieve antagonist properties 



in vivo. 



The shorter fragments of peptide 3[MCP-1] (e.g., peptide 3(7-12)[MCP-l] 
25 (SEQ ID NO:9)) showed progressively higher DARC specificity ratios (about 3.0 for 
peptide 3(7-12)[MCP-l] (SEQ ID NO:9) versus 1.0 for peptide 3(1-12)[MCP-1] 
(SEQ ID NO: 1 )), indicating that where chemokine signaling receptor specificity is 
desired, shorter peptide fragments which retain full chemokine antagonist or agonist 
activity are in general to be preferred over the full length peptides. 
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Peptide 3(1-12)[MCP-1] (SEQ ID N0:1) (DARC specificity ratio = l.OO) is 
unlto . y .obeu S efulasapa n -chemoki Mta hibi«»r IB v i »,whereasfte 
Leu.Ile„peptide 3[MCP-1] (SEQ ID NC,14) (DARC specificity rafo = 37.83), or its 
derivatives such as CWJ-Cys.Wpeptide 3(3-12,[MCP-H, which bound o„.y 
weakly to DARC (association constant = 90 uM) bu, bound very strongly to 
cnemokine receptors on THP-1 cells (association consent - 100-500 nM ; number of 
binding sites is about 150,000 per cell), are a preferred embodiment for the 
garment or prevention of atherosclerosis, osteoporosis, and autoimmune diseases, 
and HIV infection (chemokine signaling receptor binding functions). Moreover, 
CRD.Cys, ! Leu 4n e„ P e P tide3(3- 1 2) [ MCP-l] inhibited TW-. cel. migration induced 

by MCP-1, MlPla, IL-8, and S DF1 . ^ s>n> iteED » s - 

CRD-peptide 2(1-15)[MCP-1] has more functional potency, less Duffy 
binding activity compared with tite LFL derivative. LRD peptide 2(1-15)^-1] 
had approximately a 100-fold decrease inDuffy binding (25 uM versus 100 uMfor 

LFL) ' An alternative approach to preparing agents that are bioavailable is the 
preparation of non-peptide analogs of chemokines. A preferred non-pep.ideana.og 
of me invention includes an isostere of WIQ, e.g., a compound of formula (TV), 
wherein 2K3fc Y-O; X-Ofc and Ar = indolyl. This compound did not btnd to 
:0 D ARC(as S ociationconstan. = >30uM)bu,b»undverys tt onglytochemok 1 ne 
recep.orst„THP-lce..s(asso.iationcons«=100nM-l^M ; numb.rofb M mg 

sites is about . 50,000 per cell). This agent inhibited THP-1 cel. migration mduced 
by MCP-1, MlPla, IL-8 and SDFla with very similar ED^. 
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Example 5 

Anti-HIV Activity of the Agents of th e Invention 
To demonstrate that the agents of the invention inhibit HTV binding and 
infection of cells, human T-cell derived Jurkat cells were incubated with an 

5 infectious T-tropic HIV isolate in the presence of (i) no inhibitor, (ii) peptide C 
(Table 5) as an inactive control peptide, (iii) 100 uM peptide 3(1-12)[MCP-1] (SEQ 
ID NO: 1), or (iv) 100 ng/ml SDF-1, which should bind to and block all CXCR-4 
receptors. After 3 weeks in culture, viral replication was assessed by a reverse 
transcriptase assay of the culture medium. Peptide 3(1-12)[MCP-1] (SEQ ID NO:l) 

1 0 was found to be an effective inhibitor of Jurkat cell infection by HIV (Figure 3). 

Since peptide 2(1-1 5)[MCP1] (SEQ ID NO:3) binds to chemokine receptors 
on the surface of Jurkat cells and THP-1 cells, but does not inhibit productive 
signaling by chemokines, it is possible that peptide 2(1-15)[MCP-1] (SEQ ID NO:3) 
binds and inhibits an epitope used by HIV for cell entry but not by MCP-1 for 

15 signaling. To test this hypothesis, the same HIV infection assay described above 
was employed to test whether peptide 2(1-15)[MCP-1] (SEQ ID NO:3) inhibits HIV 
infection of Jurkat cells. At 100 uM, peptide 2(1-15)[MCP-1] (SEQ ID NO:3) was 
more effective than peptide 3(1-12)[MCP-1] (SEQ JD NO: 1), and as effective as 
SDFloc, in preventing virus entry. 

20 Peptide 2 derivatives (Figure 10) are better inhibitors of Jurkat T cell 

infection by HIV (a CXCR4 mediated event) than peptide 3 derivatives, while 
surprisingly peptide 3 is a better inhibitor of THP-1 cell infection (a CCR-5 
mediated event). Thus, combinations of peptide 2 and peptide 3 maybe particularly 
useful for anti-HIV therapy, e.g., to inhibit productive infections by both M-tropic 

25 and T-tropic isolates. 

Moreover, as LRD peptide 2(1-15)[MCP-1] had a 100 nM affinity constant 
or lower for CCR5/CXCR4 and a 100 fold decrease in Duffy binding relative to LFL 
peptide 2[MCP-1], LRD derivatives may be more efficacious than their LFL 
counterparts (25 uM versus 100 uM for LFL). 
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Current therapies for inhibition of HIV focus on the virus, for example 
reverse transcriptase inhibitors or viral protease inhibitors. These therapies are only 
effective for a limited period. In each case, the efficacy is reduced because the virus 
is undergoing rapid replication, and there is selection in favor of mutants which are 

5 resistant to the inhibitors. Although combination therapies are more effective, they 
are unlikely to result in clearance of the virus from an infected individual. 
Eventually, mutant virus will arise which circumvents the drug cocktail and 
progression will again occur in the now drug-resistant individual. Thus, strategies 
which are based on co-receptor inhibition target a host protein, rather than a virus 

10 protein, may have increased efficacy as more extensive mutations in the virus may 
be necessary to circumvent an inhibited co-receptor. Indeed, the resistance to 
infection of CCR-5A32 homozygotes suggests that the virus cannot readily adapt to 
use of an alternative co-receptor, at least while the virus population is small. 
Preferably, a ,|g° vggit^pe^tid® 2(1-15)[MCP-1] 

1 5 (SYRRITSSKSPKEAV), ot its LRD Cy^lf 10 Cys 16 derivative (cvaekpsksstirrysc) 
or CRD derivative, is employed. DARC binding of SYRRITSSKSPKEAV is in the 
range 20 to 100 jiM and activity in the range 1-100 nM as an anti-HIV agent. 



Current assays for HIV infection in vitro are time consuming and lack 
reproducibility. For example, infection is often monitored by the production of viral 
reverse transcriptase (RT) activity using a radiolabeled RT substrate. 
Unfortunately, RT production is low, even when a laboratory adapted HIV strain is 
25 used to infect a high permissive line such as the Jurkat human T cell line. As a 
result, it is necessary for the infected cells to be cultured for two or more weeks to 
allow sufficient infection to occur for RT production be measurable. In addition to 
being time consuming, this assay has a number of other disadvantages: most 
importantly, it relies on multiple rounds of secondary infection to increase the viral 



20 



Example 6 

Rapid Screening Method for Infectivitv 
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titer sufficiently for RT activity to become detectable. As a result, small differences 
in primary infection are magnified, and since primary infection frequency is low, 
stochastic differences between identically treated wells become significant. The 
assay therefore requires many replicate wells for each analysis, with as many as 24 

5 replicates being routinely used. For example, in a typical assay groups of 24 wells of 
Jurkat cells in 96-well plates are infected with replicate aliquots of HTV virus stock, 
with one group receiving treatment with peptide 2 as a chemokine co-receptor 
inhibitor, another group receiving SDF-loc (the CXCR-4 natural ligand) and a third 
group is untreated. After three weeks, the cells were harvested and RT activity 

10 measured. The co-efficient of variation in the untreated wells was 37%. As a result, 
although peptide 2 inhibited RT activity by 75%, this was significant only with 
p=0.02 because of the high well to well variability. This necessitates the use of 
many replicate making the assay cumbersome for screening purposes. 

An alternative method is to use direct visualization of the HIV proteins, for 

1 5 example, by immunofluorescence microscopy. Unfortunately, even the most highly 
expressed HIV proteins (such as p24gag) are present at fairly low levels in cells. 
Thus, direct detection the earliest stages after infection has been difficult and error 
prone. Therefore, the following method was employed to enhance the sensitivity of 
immunofluorescence, allowing the number of HIV infected cells to be accurately 

20 determined between 24 hours and 72 hours after infection. Furthermore, the signal 
to noise ratio of this technique allows automated counting of the infected cells using 

image analysis software. 

For THP-1 cells, the cells are adhered to glass multiwell slides (for example, 
16-well chamber slides; Nunc) using PMA and hydrocortisone. The cells are then 
25 exposed to virus in the chamber slide in the presence of various test agents. For 
non-adherent cells such as Jurkat cells, infections are carried out in, for example, 
96-well culture plates as for RT assays, but prior to analysis the cells are attached to 
glass slides using a cyrospin apparatus in accordance with the manufacturer's 
instructions. The infected cells on the glass slides are fixed between 24 hours and 
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72 hours after infection, for example, by immersing the slides in ice cold acetone for 
90 seconds. Other methods of fixation compatible with quantitative 
immunofluorescence may also be used (see J, Histochem. Cytochem., 44, 1043 
(1997) for a discussion of quantitative immunofluorescence procedures). Following 
5 fixation, non-specific binding of proteins to the cells is blocked, e.g., by incubation 
in 3% w/v fatty acid free bovine serum albumin in phosphate buffered saline (3% 
FAF-BSA in PBS) for 30 minutes at room temperature. Alternatively, other 
blocking solutions (e.g., 5% sucrose, 5% Tween-20 in PBS) may be used. The 
blocked sections are then stained for HTV protein, for example, using a specific 
10 antiserum to p24gag. Slides are incubated with the antiserum at a suitable 

concentration (usually in the range 1-100 ug/ml of specific IgG) in 3% FAF-BSA in 
PBS. Antibodies to other HTV antigens may be used, although relatively highly 
expressed antigens such as p24gag are preferred. 

This incubation should be left on for at least 16 hours. Traditional 
1 5 immunofluorescence procedures use primary antibody incubation periods typically 
1-2 hours in length, but longer incubation increases signal without increasing 
background " Histochem. Cvtochem.. 44, 1043 (1997)). The incubation may be 
left on for up to 36 hours without deleterious effects on the signal to noise ratio. 
Unbound antibody is then washed off. Typically, this involves 3x3 minute washes 
20 in PBS, although other washing regimens may be used (see J. Histochem. 

Cytochem. . 44, 1043 (1997)) for a comparison of washing methods). Normally, 
second antibody labelled with an appropriate fluorophore is then used to detect the 
unbound primary antibody. However, to prevent primary antibody from falling off 
the antigen, primary antibody is post-fixed to the section. This may be achieved, for 
25 example, by incubating the slide in freshly prepared 4% paraformaldehyde in PBS 
for 10 minutes at room temperature. After three further washes, e.g., 3x3 minutes 
in PBS, the slides are exposed to a secondary antibody specific for the species of the 
primary antibody coupled to an appropriate fluorophore (for example, antirabbit-IgG 
F1TC conjugate at 1-100 ug/ml). A non-specific nuclear stain should be included in 
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this incubation. For example, Hoescht 33342 at 1-100 ng/ml could be used, or 
propidium iodide at 1-100 ng/ml. This incubation is for a minimum of about 4 
hours, preferably at least 8 hours and may be left up to 24 hours without detrimental 
effect on the signal to noise ratio. Slides are then washed, for example, 3 x 
5 3 minutes in PBS, to remove unbound second antibody and mounted with a suitable 
mounting medium such as Citifluor AF1. Slides are left at least about 18 hours after 
mounting but less than about 72 hours in a dark box following mounting prior to 
analysis. 

Analysis may be performed manually using any suitable microscope with 
10 epifluorescence visualization capability and appropriate filter sets to allow 

examination of the fluorescence of the secondary antibody fluorophore selected 
(e.g., FITC) and the non-specific nuclear staining selected (e.g., Hoescht 33342) 

0 separately. The number of cells in each field of view is determined by counting 
H nuclei using filters to visualize the non-specific nuclear stain. The number of cells 
!5 1 5 infected with HIV in the same field of view is then determined by switching the 
□ filter set to visualize the fluorophore coupled to the secondary antibody. In each 

[ j case, the number of cells may be determined by manual counting. Alternatively, 

h image analysis software (for example, OpenLab software: Improvision, U.K.) may 

be used to apply a consistent threshold to each image and count the number of 
P 20 separate objects above that threshold. Deagglomeration algorithms, standard in the 

1 field of image analysis, may be applied if required according to the density of the 
cells on the slides. Provided that constant set of illumination conditions are used 
during image acquisition and that a constant threshold is applied, the fraction of HIV 
stained cells may be rapidly and accurately determined without reference to 

25 subjective considerations. 

Figure 1 1 shows the results from tig inhibition of HTV infection by peptide 
2(l-i§MS^?p°e P E 3(l-12)[MCP-lJ i q r5 Pcolffictent of variation for the 
^ technique is less^han 5% with excellent reproducibility. Approximately 6% of 

THP-1 cells were infected by HIV in the absence of peptide inhibitors of the 
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chemokine receptors. In the presence of 100 |iM peptide 2, this was reduced by 
25% ± 3%. Statistically significant reduction in viral infection can be noted from a 
single well determination, using multiple fields of view within the single well to 
establish statistical significance. Positive results can be confirmed by analysis of 
5 replicate wells, and dose response curves can be constructed. 

Where expression of the HIV antigen selected is low, or where detection 
very early after infection (from about 14 hours after infection), the sensitivity this 
technique may be enhanced further. After the secondary antibody incubation, a 
further post-fixation step is applied (for example, 10 minutes at room temperature in 
10 4% paraformaldehyde in PBS) and the slides are incubated with a non-immune 
immunoglobulin fraction of the same species as the primary antibody (i.e., non- 
immune rabbit serum). This incubation may be for 1-2 hours at room temperature. 
Thereafter, a second incubation with the same primary antibody as used previously 
is then performed. In this case, the non-specific nuclear stain (e.g., Hoescht 33342) 
15 is added to the second incubation with secondary antibody only. All incubations 
should be separated by an appropriate washing regimen (e.g., 3 x 3 minutes in PBS 
at room temperature). These changes lead to a further five-fold increase in 
sensitivity for detection of the HTV antigen allowing earlier detection of infection. 

20 Example 7 

Preparation pnH r.haracter ^tjnn nf Tripeptide 

ThPi-a pmitir. Apents nf the Tnvention (seqzrb NO: 
To determine whether fragments of peptide 3(1-12)[MCP-1 ^possessed 
biological activity, fragments of peptide 3 were prepared. Peptide 3(10-12)[MCP- 
25 1], i.e., WVQ was found to be a potent inhibitor of all chemokines tested (Table 6). 
The amino acid residues at positions 10-12 (WVQ) are conserved in many other 
chemokines, e.g., MCP-3, MlPla, MIPlp, RANTES, EOTAXTN, and IL8, although 
SDF1 has the sequence WIQ. WVQ inhibited all four of the exemplary chemokines 
tested, although, unlike peptide 3(1-12)[MCP-1] (SEQ ID NO:l), it was a more 
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potent inhibitor of all the chemokines other than MCP-1, with ED 50 s around 1 uM. 
Thus, these tripeptides, WVQ and WIQ, as well as non-peptide analogs based on 
these tripeptides, are pan-specific chemokine inhibitors. Moreover, it was found 
that WVQ had good Duffy selectivity (i.e., selectivity of 10). 
5 Peptide 3(7-9)[MCP-l], i.e, KQK, did not bind to DARC (association 

constant = > 50 uM) but bound strongly to chemokine receptors on THP-1 cells 
(association constant = 500 nM-1 uM; number of binding sites is about 15,000 per 
cell). This agent inhibited THP-1 cell migration induced by MCP-1, but did not 
inhibit migration induced by MlPla, IL-8 or SDFla. Thus, KQK with an ED 50 = 2-5 
10 uM was found to be a specific inhibitor of MCP-1, i.e., it had no effect on MIPloc, 
SDFla or IL8 induced activity even at 100 uM. Four tripeptides and a dipeptide of 
random sequence (ROD, GGR, TTT, APG, and VE) were also tested. None of these 
significantly inhibited migration induced by any of the chemokines. Thus, the 
tripeptide KQK was specific for inhibiting MCP-1 activity, showing more than 100- 
15 fold specificity for MCP-1 over all the other chemokines tested. 

Tripeptide equivalents of KQK from MlPla, SDFla and IL8, based on an 
alignment of conserved cysteine residues in chemokine sequences, were then tested 
for their inhibition of chemokine-induced THP-1 migration. In each case, the 
tripeptide was highly specific for its cognate chemokine (> 100-fold specific in each 
20 case). For example, SEE, the cognate peptide from MIP-a, showed greater than 
100-fold selectivity for MlPl-a over the other chemokines. Moreover, KLK was a 
specific and potent inhibitor of SDF1, and KEN was a specific and potent inhibitor 
of IL8. In no case did the tripeptide significantly inhibit migration induced by any 
of the non-cognate chemokines, even at 100 uM. It is envisioned that tripeptides in 
25 which a conservative substitution is made may have the same specificity as the 

native tripeptide. Moreover, the corresponding tripeptides in other chemokines may 
be specific for their cognate chemokines. 
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Table 6 



5 



10 





Chemoattractant 




Tripeptide 














MCP-1 


MlPla 


RANTES 


IL-8 


SDFla 


KQK a 


95*8 b 








29±1 


<?EE 




65±3 






- 


SES 






87 ±4 






KEN 


21 ±2 






70 ±4 




KLK 










87±6 


WVQ C 


8uM 


7.5 \lM 


1.5 \M 


1 uM 


2uM 



For each peptide shown (except WVQ), a number indicates *e Percentage 
inhibition of migration induced by that chemoattractant by that mpeptide a 100 uM 
concentration (mean ± range: two experiments). A dash indicates no s*Ustically 

15 significant reduction in migration (all combinations of chemoattractant and 

nTeptide have been tested. The tripeptide WVQ inhibited migration in response to 
all chemoattractants tested and for this tripeptide the numbers shown are the ED 50 
for the inhibition (mean of at least two determinations). Note that none of he 
^peptides shown inhibited TGF- P 1 induced migration at 100 uM. The boldcd 

20 values indicate the inhibition by each peptide of migration, , ^nduced by the 

chemoattractant from which it was derived, i.e., KQK was derived from MCP-1, etc 

• The affinity constant for KQK binding to DARC is 1 5 uM. 

b The ED* for KQK inhibiting MCP-1 induced migration is 7 uM. 

c The affinity constant for WVQ binding to DARC is 2 uM. 
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Example 8 

T« yivp Pharmacol "'*'™ a "d Toxicity 
When 3 H-D-ala peptide 3(1-12)[MCP-1] ( 3 H-D-ala was attached to Asp) was 
30 given as an IV or SQ bolus to mice, peak serum concentrations were reached within 
1 hour. This radiolabeled peptide was rapidly excreted (approximately 4 hours), 
primarily via the kidney. Biodistribution data indicated that the primary target organ 
was the kidney with much smaller amounts detected in blood, liver and intestine. 
In contrast, CRD-LeuJle^ys^ peptide 3(3-12)[MCP-l] was detected for 24 hours 
35 0 rmoreinmecirculation,presumablyasaresultofitsI^ffybinding. Direct 
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comparison of >H-D-ala peptide 3(1-12)[MCP-1] (no DARC binding and rapidly 
cleared) and CRD-LeuJle^ys.peptide 3(3-12)[MCP-l] (weak Duffy binding and 
good serum half-life) indicates that peptides of the invention may be particularly 
useful to increase the half-life of other pharmaceutical agents. 
5 A modified LD 50 technique was used to determine the mouse intravenous 

LD 50 value for CRD-Leu^cCys^peptide 3(3-12)[MCP-l]. The LD 50 = 
1 1 4 mg/mouse IV, which is 569 mg/kg. This is equivalent to a human IV dose of 
39 grams. This is ten times more than the efficacious dose seen in either the asthma 
model or the endotoxemia model (see Examples below). Intraperitoneal 
10 administration of 11 mg did not result in lethality. Histologically, toxicity was 
confined to the kidneys and lymphoid tissues. 

At the lethal dose, apoptosis of lymphocytes was seen in the spleen and gut- 
associated lymphoid tissue. Theratelimitingtoxicitywastothekidney. Therewas 
a dose dependent increase in acute tubular nephrosis. This is most likely due to the 
1 5 huge intravenous bolus (569 mg/kg) of a small molecular weight peptide which is 
excreted very rapidly (first pass) by the kidney. This is very similar to the change 
seen in patients with massive release of myoglobin or hemoglobin after crush 
injuries or massive hemolysis. At the lethal dose, histologic evidence of acute 
tubular nephrosis and mild lymphoid cell death were seen. 
20 Using an in-life phase of an acute rat toxicity study, no clinically detectable 

changes associated with test agent administration of doses up to 10 mg IV were 
found. In a 7-day repeat dose toxicity study in rats, no clinical signs were observed 
in treated animals. 
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ia1 Tnflammption Model 



Exam ple 9 

TTtr of A fT nts of ™ p T"V pntion a ^ at ' 
To assess the efficacy of an agent of the invention in the prevention of 
Hpopolysaccharide (LPS)- and MCP-l-induced dermal inflammation in the rat, three 
different doses of CRD-Leu.IlcCys.peptide 3(3-12)[MCP-l] were administered. 
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An inflammatory response was elicited by intradermal injection (ventral abdomen) 
of either 500 ng MCP-1 or 100 ng MCP-1 along with endotoxin-free phosphate- 
buffered saline vehicle (as a negative control) and bacterial lipopolysaccharide 
(LPS; as a positive control). Each substance was injected at a different site. The 
5 results obtained from animals was compared to CRD-Leu^Cys,, peptide 3(3- 
12)[MCP-1] treated, and PBS (diluent control) treated, animals. Thirty minutes 
prior to intradermal agonist administration, the animals received an intravenous 
loading dose (3, 30 or 300 mg) and a subcutaneous depo dose (0.1, 1 or 10 mg) (on 
dorsum) of the pan-chemokine inhibitor CRD-Leu 4 n eil Cys 13 peptide 3(3-12)[MCP- 
10 1] (see, for example, Figure 17). Animals were sacrificed at 20-24 hours post 
injection. Serum and urine were collected. The intradermal sites of agonist 
injection were collected, bisected and the extent of the inflammatory response was 
assessed by histopathology and quantitative immunofluorescence (fixed and frozen) 
(for example, following MCP-1 injection, the number of monocyte/macrophages in 
15 the skin was determined using the anti-CD14 (MCA342 from Serotec; clone ED2) at 
3 ug/ml overnight at 4°C. The second antibody was rat anti-mouse FITC (4 15-096- 
100 from Jackson ImmunoResearch) at 28 ug/ml for 6 hours at room temperature). 
In addition, toxicity of CRD-Leu 4 ne u Cys 13 peptide 3(3-12)[MCP-l] was assessed by 
collection of the following tissue samples in 10% neutral buffered formalin for 
20 histologic analysis: lung, liver, kidney, spleen, thymus, heart, and antagonist (test 

agent) injection site. 

The results of a typical experiment are shown in Figures 9 and 10. Systemic 
treatment with CRD-Uu 4 Ile n Cys 13 peptide 3(3-12)[MCP-l] completely abolished 
MCP-1 induced recruitment of monocyte/macrophages (p = 0.009). This is 
25 consistent with potent inhibition of MCP-1 -induced migration seen in vitro with this 
agent. Furthermore, CRD-Leu 4 n eil Cys 13 peptide 3(3-12)[MCP-l] reduced the 
number of resident tissue monocyte/macrophages in the site that received PBS 
alone, and also in untreated skin. This is consistent with a systemic downregulation 
of monocyte/macrophage recruitment 24 hours after a single treatment with CRD- 
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Leu 4 n eil Cys 13 peptide 3(3-12)[MCP-l]. In contrast, D-ala peptide 3(1-12)[MCP-1] 
had no effect in vivo (p = 0.754), in accord with its lack of in vitro activity in the 
migration assay. 

A substantial reduction (>80%) in the number of monocyte/macrophages 
5 recruited in response to injected bacterial LPS was also noted. LPS was a stronger 
inducer of macrophage recruitment than MCP-1 even at 500 ng dose. Previous 
studies suggested that LPS-mediated macrophage accumulation was heavily 
dependent on TNF-cc (a non-chemokine chemoattractant) since neutralizing 
antibodies to TNF-a markedly reduced LPS-induced inflammation. However, in 
10 endotoxemia models (Example 10) CRD-Leu 4 n eil Cys 13 peptide 3(3-12)[MCP-l] 
markedly reduced LPS-induced increases in plasma TNF-a suggesting that 
chemokines may play a role in the induction of TNF-a, and that both chemokine 
signaling and TNF-a signaling may be necessary for maximal LPS-induced 
inflammation. 

15 Although MCP-1 is fairly specific as a monocyte/macrophage 

chemoattractant, dermal injection of LPS induces recruitment of a broader range of 
leukocytes, including T- and B-cells and neutrophils. Specific antibodies to rat B- 
cells (MCA 1432 from Serotec) were used at 10 ug/ml overnight at 4°C to 
determine whether CRD-Leu 4 Ile n Cys 13 peptide 3(3-12)[MCP-l] affected the 
20 recruitment of this leukocyte subpopulation. Secondary antibody was anti-mouse 
FITC (415-096-100 from Jackson ImmunoResearch, as above). As for 
monocyte/macrophages, CRD-Leu 4 Ile n Cys 3 peptide 3(3-12)[MCP-l] substantially 
inhibited the recruitment of B-cells to the site of the LPS injection (Figure 10). 
Thus, the anti-inflammatory effects of CRD-Leu 4 Ile n Cys 13 peptide 3(3-12)[MCP-l] 
25 and other peptide 3 derivatives, analogs and variants are not limited to reducing or 
inhibiting macrophage accumulation but also inhibit recruitment of other leukocyte 
subsets. 
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Example 10 

Use of the Apents of the Invention in a Murine F .nHntoxemia Model 
A mouse endotoxemia model is used to screen peptides for in vivo functional 
and cytokine activity in a rapid manner. Female CD-I mice are injected i.p. (V entral 

5 abdomen) with 583 ug LPS and TNF-cc, IFN-y, DL-4 and MCP-1 protein and mRNA 
levels determined. Thirty minutes prior to LPS administration, the animals were 
administered one of three different doses of CRD-Le^IlenCySupeptide 3(3- 
12)[MCP-1] as an intravenous loading dose and a subcutaneous bolus dose (on 
dorsum). PBS treated animals with and without LPS administration were positive 

10 and negative controls. Two hours later, animals were euthanized and serum 

collected. Serum was separated from the cell pellet and frozen until ELISA analysis 
of cytokine levels. Lung and liver samples were collected for mRNA analyses and 
histopathology. CRD-Leu 4 Ile M Cys 13 peptide 3(3-12)[MCP-l] demonstrated a dose- 
dependent decrease in serum TNF-oc. Serum levels and mRNA levels of IL-4, IFN- 

1 5 y and MCP-1 are also determined. 

Example 11 

Use of the Agents of the Invention in a M mise Asthma Model 
To determine whether increasing doses of CRD-Le^IlenCys^ peptide 3(3- 
20 1 2)[MCP- 1 ] alters the cell number and type of cell within the lung, mice were 
injected intravenously, intravenously and intratracheally, or intratracheally alone 
with CRD-Leu 4 He„Cys,3 peptide 3(3-12)[MCP-l]. Mice were sacrificed at 20-24 
hours post injection. Lungs were collected for isolation of cells, which were 
subsequently counted and characterized by surface staining for CD3, CD4, CD8, 
25 B220,andMac-l. 

The total number of cells isolated from the lungs was higher in all groups 
receiving low dose CRD-Leu 4 Ile n Cys 13 peptide 3(3-12)[MCP-l] (0.3 ug IV and or 
10 ug IT) compared to PBS-treated mice. There were no significant differences in 
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the total number of cells isolated from lungs of mice treated with the high dose 
CRD-Leu 4 Ile n Cys 13 peptide 3(3-12)[MCP-l] compared to PBS controls. 

By FACS analysis, high dose CRD-Leu 4 Ile n Cys 13 peptide 3(3-12)[MCP-l] 
significantly reduced the percentages of CD3, CD4, and B220 cells by all routes of 
5 administration compared to PBS controls. In contrast, there were not significant 
differences in the percentages of CD3, CD4, or B220 cells in the groups treated with 
low dose CRD-Leu 4 Ile n Cys 13 peptide 3(3-12)[MCP-l] by all routes of 
administration. 

Another study assessed the ability of two increasing doses of CRD- 
10 Leu 4 ne n Cys 13 peptide 3(3-12)[MCP-l] to reduce the pulmonary inflammatory 
infiltrate, inhibit IgE antibody increases, and alter the percentages of specific 
inflammatory cells in the lung and blood in mice challenged intratracheal*/ with 
ovalbumin. See Gonzalo et al., l^linjnyest, 28, 2332 (1996); Gonzalo et al., L 
Exr^lejL 188, 157 (1998). 
15 Mice were sensitized with 0.1 mg of ovalbumin in 200 ul PBS (diluent 

control) intraperitoneally (Table 76). Eight days following sensitization, mice 
received an intravenous loading dose (0.3 or 30 ug) and a subcutaneous depo dose 
(10 ug or 1 mg) of the pan-chemokine inhibitor CRD-WlenCysnpeptide 3(3- 
12)[MCP-1]- Thirty minutes following CRD-Leu 4 Ile n Cys 13 peptide 3(3-12)[MCP- 
20 1] administration, mice were challenged with 1% ovalbumin or PBS (diluent 

control) intratracheal^. Twenty-one days following sensitization, mice received a 
second intravenous loading dose (0.3 or 30 ug) and a subcutaneous dose (10 ug or 1 
mg) of the pan-chemokine inhibitor CRD-Leu 4 ne n Cys 13 peptide 3(3-1 2)[MCP-1]. 
Thirty minutes following CRD-Leu 4 flenCys 13 peptide 3(3-12)[MCP-l] 
25 administration, mice were challenged with 2% ovalbumin or PBS (diluent control) 
intratracheal^. Mice were sacrificed 3 hours post-ovalbumin challenge on day 21. 
Lungs were collected for histopathology and for isolation of cells for total cell 
counts and FACS analysis. PBLs were collected for FACS analysis. Serum was 
collected for IgE levels. 
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By FACS analysis, there were significantly lower percentages of CD3, CD4, 
B220, and Mac-1 cells in the lungs of mice treated with both doses of CRD- 
Leu 4 Ile u Cys 13 peptide 3(3-12)[MCP-l] (0.3 IV/10 ug subcutaneously or 30 ug 
IV/1 mg subcutaneously) compared to mice which received PBS prior to challenge 

5 with OVA. The percentage of CD8 cells was similar in all groups. In addition, the 
total number of cells isolated from lungs of CRD-Leu 4 Ile n Cys 13 peptide 3(3- 
12)[MCP-1] mice was similar to PBS-treated mice but significantly lower than mice 
treated with OVA and PBS, suggesting that the agent altered trafficking of 
inflammatory cells into the lung. In the blood, there were significantly higher 

10 percentages of CD3 and CD4 cells and lower percentages of B220 in mice treated 
with both doses of CRD-Leu 4 He u Cys I3 peptide 3(3-12)[MCP-l] compared to OVA- 
treated mice (positive control) and to PBS-treated mice (diluent control). Mice 
treated with the high dose had fewer Mac-1 cells in the PBL compartment compared 
to all other groups. 

1 5 Histologically, all mice treated with the high dose CRD-Leu 4 Ile u Cys 13 

peptide 3(3-12)[MCP-l] had minimal to no inflammatory infiltrates in the lung, 
similar to mice treated with PBS alone. Mice that received low dose CRD- 
Leu 4 ne n Cys 13 peptide 3(3-12)[MCP-l] also had minimal inflammation compared to 
mice treated with PBS and OVA. Rare eosinophils were seen only in the PBS OVA 
20 group (positive control) which is an expected response to OVA sensitization. 

IgE levels were significantly higher in mice treated with PBS and OVA 
compared to all other groups. IgE was not detectable above background in all 
groups of mice treated with CRD-Leu 4 He n Cys 13 peptide 3(3-12)[MCP-l]. 
A third study assessed the ability of three increasing doses of CRD- 
25 Leu 4 Ile u Cys I3 peptide 3(3-12)[MCP-l] to reduce the pulmonary inflammatory 
infiltrate, inhibit IgE antibody increases, and to alter the percentages of specific 
inflammatory cells in the lung of mice challenged intratracheally with ovalbumin. 
Mice were sensitized with 0.1 mg of ovalbumin or PBS (diluent control) 
intraperitoneally. Eight days following sensitization, mice received a subcutaneous 
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dose (10.3 ug, 103 ug, or 1.03 mg) of the pan-chemokine inhibitor CRD- 
Leujle^ys^ peptide 3(3-12)[MCP-l]. Thirty minutes following CRD- 
Leu 4 Ile u Cys 13 peptide 3(3-12)[MCP-l] administration, mice were challenged with 
1% ovalbumin or PBS (diluent control) intratracheally. Fifteen, eighteen, and 
5 twenty-one days following sensitization, mice received subcutaneous doses (10.3 
ug, or 103 ug, or 1.03 mg) of the pan-chemokine inhibitor CRD-Leu 4 Ile u Cys 13 
peptide 3(3-12)[MCP-l]. Thirty minutes following CRD-Leu 4 Ile H Cys 13 peptide 
3(3-12)[MCP-l] administration, mice were challenged with 2% ovalbumin 
challenge, on day 21. Lungs were collected for histopathology and for isolation of 
10 cells for total cell counts and FACS analysis. Serum was collected for IgE, IL-4, 
and IFN-Y levels. 

By FACS analysis, there were significantly lower percentages of Mac-1 cells 
in the lung of mice treated with all doses of CRD-Leu 4 Ile u Cys 13 peptide 3(3- 
12)[MCP-1] compared to mice which received PBS only prior to challenged with 
15 OVA. Histologically, all mice treated with the high or medium dose CRD- 

Leu 4 Ile n Cys 13 peptide 3(3-12)[MCP-l] had fewer inflammatory infiltrates in the 
lung compared to mice that were not treated with the peptide but challenged with 
OVA (positive control). Mice treated with PBS alone had minimal to no 
inflammation in the lung. All mice challenged with OVA had eosinophils in the 
20 lung. Similar to mice treated with PBS only (negative control), IgE levels were 
significantly lower in mice treated with CRD-Leu 4 Ile n Cys 13 peptide 3(3-12)[MCP- 
1] compared to mice treated with PBS and OVA (positive control). 

Thus, CRD-Leu 4 Ile u Cys 13 peptide 3(3-12)[MCP-l], when delivered IV and 
subcutaneously, or spontaneously alone, altered the trafficking of lymphocytes into 
25 the lung following exposure to an antigen. More significantly, CRD-Leu 4 Ile n Cys 13 
peptide 3(3-12)[MCP-l] reduced the cellular inflammation in the lung, IgE 
responses and IL-4 concentration in the serum, which are strongly associated with 
asthma. IgE responses are dependent on a Th2 T cell response, which produces IL-4 
and IL-5. Therefore, the observation that CRD-Leu 4 Ile u Cys 13 peptide 3(3- 
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12)[MCP-1] has an effect on reducing IgE upon challenge with OVA strongly 
indicates that CRD-Leu^Cys,, peptide 3(3-12)[MCP-l] may reduce IL-4 and IL- 



5 also. 



^ Exam ple 12 

Preferred Trip ^ ptides and Analnps Thereof 
Preferred tripeptides of the invention include KXK peptides, where X is one 
of the twenty naturally occurring amino acids, e.g., KQK and KLK, as well as 
peptides having KXK. As described below, KXK peptides are anti-inflammatory 
10 by two distinct mechanisms. Some KXK peptides are TGF-beta activators and 
others are chemokine antagonists, and a subset are both (see Table 8). 



166 



Peptide 



KAK 



KCK 



KDK 



KEK 



KFK 
KGK 
KHK 



10 



KIK 



KKK 



KLK 
KMK 



KNK 



15 



KPK 



KQK 
KRK 



KSK 



KTK 



20 



KVK 



KWK 
KYK 



Table 8 

TGF-beta Activator 



n.< 



++++ 



n.d. 
n.d. 



n.d. 



n.d. 



n.d. 



-I I i I I - 



Chemokine antagonist 



+ 



n.d. 



n.d. 



++++ 



n.d. 



n.d. 



+- IM + 



n.d. 



n.d. 



To test whether a KXK tripeptide activates TGF-beta, a direct ELIS A-type 
25 assay can be used. Recombinant human latent TGF- P 1 produced in CHO cells 

(R&D Systems) was incubated with the test activator. For example, 200 ng of latent 
TGF-P1 (at 20 ug/ml) was incubated with test peptide at 100 nM final concentrate 
at 37-C for 90 minutes. Following incubation, the TGF-P is incubated with the 
recombinant extracellular domain of the Type II TGF-P receptor (R2X) which binds 
30 only the active and not the latent forms of TGF-pi (Clin. Chim. Acta, 225. 1 1 

(1995)). For example, 1 ug of purified R2X is coated onto a Maxisorp ELISA plate 
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well in 50 ul of 100 mM sodium carbonate for 2 hours at 4°C, and uon-speafic 
protein binding then blocked incubation with 5% sucrose 5% Tween-20 ,n Tns- 
buffered saline fori hour at room temperature. 

The TGF-P sample is then incubated with the coated and blocked wells for 2 

..... ,„ith .hakina Wells are washed 3 times quickly with 
5 hours at room temperature with snaking. ««» 

Tris-bnffered saline containing 0.05% Tw.en-20 between each incubation. If any of 
me latent TGF-P1 has been activated by the incubation with test peptide, it is 
eap«uedbymeR2X,whi.eremainingla.en.TGF-pi is washed away. Captured 
active TGF-P1 is men detected by incubation with a suitable detection agent, such as 
10 a peroxidase conjugated polyclonal anti-TGF-beta antibody. For example, die weUs 
are incubated with 200 ul of BDA19 chicken anti-TGF-P. antibody coupled to 
horseradish peroxidase for 90 minutes a. room temperature with shaking. Any 
bound peroxidase is then detected using a suitable chromogenic substrate (e.g„ 
K-BLUETMBsubstratesolution). The amount ofactive TGF-P generated is 
» estimatedby interpolation of a standard curve constructed using known amounts of 

active TGF-pi (R&D Systems). 

Chemokine antagonist activity may be determined using the THP- 1 transweU 
migration assay described above in which die peptide is incubated in the top 
compartment with the cells while a chemokine is used as a chemoattractan, in the 
20 lowercompartment. Four chemokines we* tested: 1L* SDF-la; MCP-1 and 
MlPla- Pluses in Table 8 indicate that the peptide was active as an inhibitor of 
migration induced by at leas, one of these four chemoattractan. chemokine, The 
number of pluses is a qualitative indicating of the activity of each peptide in each 
assay A minus indicates no detecttble activity in die assay, and n.d. indicates tha, 
25 no attempt to estimate the activity of the given peptide in this assay has been made 
to date. 

KFK was as active as RFK. However, in marked contrast to previous 
reports, other members of die KXK series were also active as TGF-P activators. For 
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example, the KYK was mo re active than KFK. Thus, the substitution of argimne for 
lysine increases the range of amino acids a, position 2 which activate TGF-P. 

KLK and KJK are of particular interest, since these agents are dual-act.on 
anti-inflammatory molecules. These tripeptides are specific antagonists of the 
5 S DF-l«r«eptorCXCR4,andalsoac.iva.eTGF-P. Thus, KLK, K1K and their 
anaiogs and derivatives are therefore likely to be particular useful pharmaceuttcal 
agents for the prevention or treatment of a wide range of anti-inflammatory 
disorders. 

For graft eosioophilia, such as that associated with acute transplant rejection, 
,0 a pan-chemokine inhibitor, or a selective inhibitor of eosinophil refitment (such as 
KKK or an analog thereof), may be particularly beneficial. Such agents may be used 
alone or in conjunction with lower than normal doses of steroids, such as 
prednisolone, which are used currently to control acute rejection episodes. Severe 
side-effects are associated with the use of the highest dose of prednisolone (or other 
,5 steroids) used during acute rejection, and use of agents which reduce or abohsh the 
need to give steroids would be particularly useful. 

Analogs of the KXK peptides, e.g., analogs of KQK, are also envisioned. 
The central chain (in a compound of formula V with R7 as a substituent) is replaced 
by a general substituent R, where R is the side chain from any of the amino actds. 
20 These analogs (for example, the general class of fluoroalkenes of a compound of 
formula (VI),) are useful for the treatment of a wide variety of diseases where 
activation of TGF-P and/or inhibition of chemokine signaling are desrred. By 
selecting an appropriate member of mis class ofmolecu.es, i, is possible ,„ engmeer 
the desired properties of the molecule. Thus, selection of KYK ana.ogs provides 
25 powerful activation of TGF-P in the absence of chemokine inhibition, while aMlogs 
of KLK have both properties. Analogs of KQK have inhibitory action on one or 
more chemokine receptors but do not activate TGF-p. 

Thus, KYK, its analogs, and derivatives may be selected for use in dtseases 
where TGF-P upregulation is particularly beneficial, for example, in atherosclerosts 
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or osteoporosis. In contrast, analogs of KQK may be selected where chemokine 
inhibition is desired but TGF-P upregulation may not be beneficial, for example, in 

treatment of HIV infection. 

The KXK peptides, and isosteres thereof, may be useful to treat low bone 
5 mineral density, where TGF-beta elevation and selective inhibition of MCP-1 are 
likely to be especially synergistic. 

Derivatives or analogs of the KXK class may be used alone or in 
combination with other therapies for the treatment of inflammatory disorders, or 
other diseases or indications such as those described herein. For example, 
10 derivatives, or analogs of KYK may be used in conjunction with steroids for the 
treatment of inflammatory conditions, allowing lower than normal doses of steroids 
to be used reducing the side effects associated with chronic steroid use. 

It is also envisioned that conservative substitutions of the amino acids at 
positions 1 and 3 do not affect the activities of the molecules. Thus, one or both of 
15 the lysine side chains (either in a peptide or in an analog such as (VI)) may be 
substituted with an arginyl side chain or an ornithinyl side chain. 

All publications, patents and patent applications are incorporated herein by 
reference. While in the foregoing specification this invention has been described in 
20 relation to certain preferred embodiments thereof, and many details have been set 
forth for purposes of illustration, it will be apparent to those skilled in the art that the 
invention is susceptible to additional embodiments and that certain of the details 
described herein may be varied considerably without departing from the basic 
principles of the invention. 
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